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INTRODUCTION 
Although otitis media with effusion (OME) has only in the past two decades 
become recognized as one of the most common diseases in early childhood, its 
history dates back much earlier. Hippocrates,1 in the 4th century ВС, wrote of 
dullness of hearing associated with fever and induced by moist southerly winds; 
in the 17th century AD, Riverius1 described the fluctuating hearing loss associ­
ated with fluid in the middle ear. The disease was described in its entirety, i.e., 
etiology, symptomatology, epidemiology and treatment in the last century by 
Politzer,2 who used the term catarrhal otitis media. 
As interest in and knowledge of the condition grew, its nomenclature be­
came increasingly confusing. It was therefore proposed at the "Second 
International Symposium on Recent Advances in Otitis Media with Effusion"3 
to develop a uniform terminology to improve clinical and scientific communi­
cation. At this conference the term "otitis media with effusion," used in this 
thesis, was advanced. OME is defined as the accumulation of fluid in the mid­
dle-ear cavity behind an intact tympanic membrane without the symptoms and 
signs of an acute infection. The chronology of the condition is not involved in 
this definition. 
Insertion of a ventilation tube in the tympanic membrane, a technique in­
troduced by Armstrong in 1954/ has become the surgical intervention most 
practiced for OME, and is also one of the most frequently performed opera­
tions upon children both in Europe5 and the USA.6 In 1991 some 52,000 pa­
tients were treated with ventilation tubes in the Netherlands, against 18,000 in 
19757 The traditional aims of treatment by ventilation tubes are: (1) to restore 
the hearing level, (2) to modify the course of OME towards early resolution 
and (3) to prevent long-term structural and functional sequelae of OME. 
Although rubes are very effective in improving hearing, there is no evidence as 
yet to support the attainment of the second aim and the extent to which the 
third aim can be achieved by surgical treatment is still unknown. Therefore, a 
more critical approach to the surgical treatment of OME is called for. A bal­
anced opinion regarding this matter requires knowledge of the natural course of 
OME and of its effects on the child both in the short and long term. 
Several large-scale epidemiological studies from Europe,8"12 the United 
States13"14 and New Zealand15 conducted in the late 1970s and early 1980s 
provide a good view of the occurrence and natural course of OME in children 
of various ages. In this connection, a longitudinal study1 6 was begun in 1984 in 
Nijmegen, the Netherlands, aimed at evaluating the efficacy of screening for 
OME in preschool children. A complete birth cohort of 1439 children born in 
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Nijmegen between 1 September 1982 and 31 August 1983 formed the basis of 
this study. Of these children, 1328 participated and were screened for OME by 
tympanometry at three-month intervals between their second and fourth birth­
day. OME was shown to be highly prevalent in Dutch preschool children: 80% 
of the children experienced at least one episode of OME before the age of four. 
The rate of improvement was about 50% every three months and the cumula­
tive rate of recurrence was about 50% in the two-year study period. The effect 
of screening for OME and subsequent treatment was evaluated by assessment of 
language performance. No benefit was found, mainly because of the large de­
gree of spontaneous recovery. 
Regarding the short- and long-term effects of OME, a distinction can be 
made between (1) structural effects on the tympanic membrane and middle ear 
and (2) functional effects on hearing and cognitive-linguistic development. The 
structural consequences have been studied extensively by Tos et αΙ.,λϊ who dem­
onstrated that OME is associated with abnormalities of the tympanic mem­
brane such as atrophy, tympanosclerosis and attic retraction. The relationship 
between atelectasis and OME has been described most clearly by Sade and col-
legues.1^ Both research groups1 8"1 9 demonstrated that these changes are dy­
namic and may improve or deteriorate over time. Treatment by ventilation 
tubes seems ineffective in preventing the development of these changes1 2 , 2 0 and, 
in fact, induces atrophy and tympanosclerosis.21"23 
The principal functional effect of OME is a conductive hearing loss of 20-
25 dB associated with the presence of fluid in the middle ear. 'S· 2 4 Less well 
known are its effects upon hearing in the long term, i.e., after the disease proc­
ess has run its course. The impact of abnormalities of the tympanic membrane 
such as described above on air-conduction thresholds appears to be limited to 
less than 5 dB.2 2 '2 5"2? Regarding bone-conduction thresholds, two recent stud­
ies of children treated for OME have drawn attention to the potential develop­
ment of sensorineural hearing loss during the course of OME. 2 8 " 2 9 
Evidence of adverse effects of early OME on the development of speech, 
language and cognition is inconclusive. More than ten years ago, Ventry30 and 
Paradise31 critically reviewed the data upon which the supposed relationship 
between OME and developmental impairments was based and recommended 
carefully designed longitudinal studies. These studies, conducted more recently, 
have demonstrated a relationship between OME and language development in 
children of up to 4 years of age.3 2"3 4 The results of the Nijmegen Otitis Media 
Study,35 in which language tests were administered to children with persistent 
bilateral OME, agreed with these studies. In the long term, however, the impact 
of early OME on language and educational attainment is less obvious. Some 
prospective studies of 5-8-year-olds 1 5> 3 6 have demonstrated a relationship be­
tween OME in the first years of life and later language and educational skills, 
while others have found no such relation on a population level.37·38 
Introduction 3 
At the completion of the Nijmegen Otitis Media Study in 1987, it was rec­
ognized that early OME in the children who had participated had been excep­
tionally well documented and that they therefore formed a valuable population 
for study of factors contributing to the persistence of OME and of its long-term 
efFects. So at the age of 7'/г-8 years, the children were invited to participate in a 
follow-up study including otomicroscopy, audiometry and developmental tests. 
The results of this follow-up, focusing on otologic and auditory findings, are 
presented here. A separate thesis, to be published by educational psychologists 
Grievink and Peters, will focus on developmental findings. By providing a 
complete picture of the long-term effects of preschool OME in a Dutch popu­
lation of unselected, otherwise healthy children, we hope to lay the foundation 
for a more critical approach towards the treatment of this common condition. 
In the first chapter the association between middle-ear disease and upper 
respiratory tract infections is studied on the basis of the data collected in the 
complete cohort at preschool age. A principal component analysis is used to 
identify the children suffering most persistently from these conditions at pre­
school age and who, consequently, would be expected to show the highest fre­
quency of adverse effects in the long term. 
The second chapter presents otomicroscopic and auditory findings at school 
age. It provides estimates of the prevalences of otologic pathology at the age of 
7'/2-8 years. 
In the third chapter the otomicroscopic findings at school age are related to 
the tympanometric findings at preschool age, to present the long-term struc­
tural effects of preschool OME. 
Using a similar analytic method, the long-term effects of preschool OME on 
middle-ear function and hearing ability at school age are demonstrated in 
chapter 4. 
In chapter 5 the long-term effects of OME on five tests of auditory percep­
tion are presented as studied in a subpopulation of children with clearly defined 
and contrasting preschool OME histories. 
In chapter 6 language ability and educational attainment at 7'/i-8 years of 
age are described for children who had participated in a randomized controlled 
trial of treatment with ventilation tubes for persistent OME at the age of 2 to 4. 
By relating their language scores at preschool age to those at school age, the 
permanence of language impairment associated with early OME is studied. 
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CHAPTER ONE 
AN EPIDEMIOLOGICAL APPROACH 
TO THE ETIOLOGY OF 
MIDDLE-EAR DISEASE 
IN THE NETHERLANDS 
Anne G.M. Schilder, Gerhard A. Zielhuis, 
Huub Straatman and Paul van den Broek 
European Archives of Otorhinolaryngology (1992) 
249: 370-373 
AN EPIDEMIOLOGICAL APPROACH 
TO THE ETIOLOGY OF 
MIDDLE-EAR DISEASE 
IN THE NETHERLANDS 
ABSTRACT 
The etiology of middle-ear disease in Nijmegen, The Netherlands was stud-
ied on the basis of a data set collected in a prospective epidemiological study on 
otitis media with effusion (OME) in a cohort of 1439 preschool children. A 
factor analysis was used to evaluate two hypotheses: (1) that OME, acute otitis 
media (AOM), common cold and tonsillitis are manifestations of the same 
pathological entity, and (2) that a group of children can be distinguished who 
develop these conditions more frequently than average. The results only partly 
supported these hypotheses. The correlation between OME, AOM, common 
cold and tonsillitis was lower than expected from a review of the literature. 
Common cold appeared to be the ubiquitous ENT disease in childhood and, 
depending on the child's predisposition, could be accompanied by OME, 
AOM or tonsillitis. The course of middle-ear and upper airway disease showed 
a gradual scale from "healthy" to "ill" with most of the children suffering from 
these conditions at an average frequency. 
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INTRODUCTION 
Upper respiratory tract infections are considered to play a major role in the 
etiology of middle-ear disease. As early as 1957, the British Medical Research 
Council's survey of otitis media10 suggested that the whole respiratory tract, in­
cluding the middle ears, should be considered as a single and continuous unit 
liable to similar natural changes. Some evidence for this point of view was 
found in several large epidemiological studies on otitis media with effusion 
(OME) in children.4,16,18,21 [
n
 these investigations, acute otitis media (AOM), 
common cold and tonsillitis were correlated to OME. In the present study 
further epidemiological and statistical evidence was examined for a common 
basis of upper respiratory tract and middle-ear disease. 
An issue in the epidemiology of otitis media and upper respiratory tract in­
fection is whether these diseases can be considered part of the natural matura­
tion of the immunological system in childhood. Both conditions have proven to 
be highly prevalent in children in the western world and are characterized by a 
high rate of spontaneous recovery and a high incidence of recurrence.^·20·2'' 
There is growing evidence, however, that these conditions are not always 
harmless, since chronic or recurrent middle-ear disease can have adverse 
otological and developmental effects.13 Therefore, it would be useful to identify 
risk factors for persistence of upper airway and middle-ear disease and to distin­
guish those children who need careful follow-up and treatment. 
In the present study a data set was examined from a large-scale epidemi­
ological study into the efficacy of preschool screening for OME.2<* 
Tympanometry at 3-month intervals was performed on 1439 Dutch children 
between the ages of 2 and 4 years. Two hypotheses were evaluated: (1) OME, 
AOM, common cold and tonsillitis are manifestations of the same pathological 
entity; (2) within a wide variety in the course of middle-ear and upper respira­
tory tract disease, a group of children can be distinguished who sufFer more fre­
quently than average from these conditions at preschool age. 
SUBJECTS AND METHODS 
All children (я=1439) born in Nijmegen, the Netherlands, between 1 
September 1982 and 31 August 1983, who were living in Nijmegen on their 
second birthday, were enrolled in the study. Every 3 months, between their sec­
ond and fourth birthday, all participating children (w=1328) were screened for 
OME by tympanometry using a Grason Stadler-27 screening tympanometer. 
The rympanograms were classified into four tympanogram types using Jerger's^ 
classification: A, C¡ , C2 and B. Only type В rympanograms were considered 
evidence of OME. At each screening session, a standardized questionnaire on 
ENT diseases and risk factors related to OME was filled out by the parents. 
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A data set was created from the results of all participants regarding the pres­
ence or absence of four relevant factors at the nine screenings: (1) OME, (2) 
AOM, (3) common cold and (4) tonsillitis. For each of these factors, a score 
was calculated which represented the frequency with which a child had suffered 
from this condition during the follow-up period. The frequency of OME for 
each child was then expressed as the proportion of type В tympanograms out of 
all available tympanograms on both ears ofthat subject (maximum 18). AOM 
was considered positive when children experienced otalgia and otorrhea during 
the 3-month interval preceding the screening resulting in the medical diagnosis 
of AOM. The frequency score for AOM was defined as the proportion of posi­
tive responses in all available questionnaires (maximum 9). In the same way, the 
frequency of common cold was expressed as the proportion of positive responses 
to interval occurrences of nasal obstruction, rhinorrhea and coughing. Finally, 
the frequency of tonsillitis during the follow-up period was expressed as the 
proportion of positive occurrences of throat infections requiring antibiotics in 
the previous 3-month interval. The frequency scores were standardized to Ζ 
scores (mean 0, SD 1). If the number of missing values for a variable exceeded 
three, the child was excluded from further analysis. These calculations provided 
a data matrix of four frequency scores (OME, AOM, common cold and ton­
sillitis) for the children who participated in the examinations on at least six oc­
casions. To evaluate the two hypotheses, a principal component analysis was 
performed. Given a matrix of correlation co-efficients for the four variables, this 
technique enabled us to reduce the number of variables to a smaller set of inde­
pendent linear components. The scores of the study population on these princi­
pal components were then used for the detection of any group clusters. 
RESULTS 
Table 1 presents the basic characteristics of the 999 children included in the 
analysis. Three hundred and twenty-nine of the 1328 participating children 
were excluded from analysis because of insufficient data. However, these chil­
dren did not differ significantly from those included in the analysis regarding 
sex ratio and tympanometry results at the first screening. The same was found 
for the questionnaire data on AOM, common cold and tonsillitis at the first 
screening. 
Table 2 shows the correlation co-efficients for the frequency scores for 
OME, AOM, common cold and tonsillitis of the 999 children included in the 
analysis. Positive, but not very strong correlations were found.The results of the 
principal component analysis are presented in Figure 1, while detailed statistics 
can be found in Table 3. Two components were found to account for 59% of 
the variance in the four variables in the study population. The first component 
(horizontal axis in Figure 1) expresses the linear combination of the 
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Tabic 1. Characteristics of the study population regarding O M E , AOM, common cold 
and tonsillitis (л=999) 
Number of boys / girls 511/488 
Mean number of screening sessions (SD) 8.6 (0.6) 
Mean OME frequency3 (SD) 23.5 (24.7) 
Mean AOM frequency3 (SD) 7.8 (12.0) 
Mean common cold frequency* (SD) 53.0 (19.2) 
Mean tonsillitis frequency3 (SD) 3.2 (8.2) 
"minimum frequency 0, maximum frequency 100 
AOM: acute otitis media; OME: otitis media with effusion 
Table 2. Correlation matrix for frequency scores, r (P-value) 
AOM Common cold Tonsillitis 
OME 
AOM 
Common cold 
0.21 
(<0.001) 
0.13 
(<0.001) 
0.15 
(<0.001) 
0.03 
(0.30) 
0.19 
(<0.001) 
0.10 
(0.001) 
Tabic 3. Results of the principal component analysis on four variables (OME, AOM, 
common cold and tonsillitis) in 999 subjects 
Principal component 1 Principal component 2 
Eigenvalue 1.42 0.97 
Proportion explained variance 0.35 0.24 
Component co-efficients of 
-standardized OME score 0.48 -0.62 
-standardized AOM score 0.60 0.05 
-standardized common cold score 0.47 -0.13 
-standardized tonsillitis score 0.43 0.77 
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standardized frequency scores for OME, AOM, common cold and tonsillitis. 
The vertical axis in Figure 1 combines the standardized frequency scores for 
OME and tonsillitis. To facilitate interpretation of the figure a grid was added 
at arbitrarily chosen cut-oF points of-1 and +1 for both components. 
Although Figure 1 does not show any clear clustering of children, the scatter 
plot is fan-shaped. On the left-hand side are the children with a very low fre­
quency of OME, AOM, common cold and tonsillitis. In contrast, children with 
a high frequency of these conditions are found on the right-hand side of the 
figure. As the figure does not show a clearly defined group of children who suf­
fer frequently from both middle-ear and upper airway disease, the children with 
the highest frequency scores for each of the variables were then defined. In 
Table 4 the percentages of children with a frequency score higher than the 
0.9th quantile are presented for each of the seven areas distinguished in Figure 
1. The 0.9th quantile score for OME, AOM, common cold and tonsillitis was 
64, 25, 78 and 13, respectively. The children who suffered most frequently 
from OME are found predominantly in areas 2 and 5 and those with a high 
AOM score are found in areas 5, 6 and 7. In areas 4 and 7 the children with the 
highest tonsillitis scores are found. The children who were most affected by 
common colds are more or less equally distributed over areas 2-7. 
-
1 
-
4 ' . '-"\ 
3 ί '.< 
2 
7 
6 -
5 
- Э - Z - 1 О 1 2 3 4 Э β 
first component 
Figure 1. Scatter plot of the principal components of 999 children regarding OME, AOM, common 
cold and tonsillitis. A highly negative component score on the horizontal axis indicates a low 
frequency of all four conditions, while a highly positive score shows a high frequency. In contrast, a 
highly negative component score on the vertical axis indicates a high frequency of OME and a low 
frequency of tonsillitis A highly positive score on this axis indicates a high frequency of tonsillitis and 
a lo w frequency of Ο Μ E 
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Tabic 4. Proportion of children within each area of Fig. 1 with a frequency score >0.9th 
quintile for OME, AOM, common cold and tonsillitis 
Area я Percentage of children within each area with a frequency score 
>0.9th quantile 
OME AOM Common cold Tonsillitis 
1 
2 
3 
4 
5 
6 
7 
203 
83 
467 
72 
54 
73 
47 
0 
51 
1 
0 
70 
18 
9 
0 
0 
4 
1 
37 
63 
53 
0 
11 
12 
11 
30 
25 
21 
0 
0 
2 
67 
0 
27 
98 
DISCUSSION 
Our study shows that there is some patterning in a population of preschool 
children with respect to the epidemiology of OME, AOM, common cold and 
tonsillitis, but the children who are at risk for a protracted course of these 
conditions could not be identified easily. 
Both historical and tympanometric data were used in the analysis. The reli­
ability and validity of the tympanometer was investigated before the start of the 
project and appeared to be satisfactory.2^ The criteria used for the definition of 
OME, a type В tympanogram (i.e. compliance <0.2 ml or middle-ear pressure 
<-400 daPa) were at least as rigid as the criteria used by other authors. 
However, the degree to which parents were able to accurately report the inci­
dence of symptoms of middle-ear and/or upper respiratory tract disease was de­
batable. Therefore, the use of historical or parental information implies a cer­
tain degree of inaccuracy. Without this misclassification, our analysis might 
have revealed more pronounced effects. Further, our analysis was based on the 
data of 75% of the original cohort. Although it was shown that the sex ratio 
and tympanometric data of the children studied in the first screening did not 
differ from the data of the final population examined, some selection based on 
health-related factors cannot be excluded. 
If our hypotheses were correct, the principal component analysis on the four 
conditions examined would have arranged the children along one dimension. 
Such a component would have discriminated among three groups of children: 
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(1) a "healthy" group with a very low frequency of OME, AOM, common cold 
and tonsillitis; (2) a "pathological" group with a very high frequency of these 
conditions; and (3) a group of children with average occurrences of both mid-
dle-ear and upper airway disease. The data obtained in the Nijmegen Otitis 
Media Study only partly support these hypotheses. The structure of our data set 
is not unidimensional but bidimensional and the scatter plot in Figure 1 does 
not show any clear discrimination between physiological and pathological cases. 
The frequency of middle-ear and upper airway disease appears to be arranged 
along a gradual scale and the majority of children are found in the center of the 
figure, with average frequency scores. This indicates that most of the children 
experience these conditions as an inevitable part of their childhood (as would be 
expected clinically). Table 4, however, shows that some differentiation among 
children does exist, especially for OME, AOM and tonsillitis. As it is evident 
that the association between OME, AOM, common cold and tonsillitis, is more 
complicated than initially believed, we then further reviewed the relevant litera-
ture. 
OME and AOM 
Stangerup and Tos16 demonstrated in their study of 4-year-old children that 
acute otitis resulted in abnormal tympanometric conditions. However, during 
follow-up, middle-ear function gradually improved, indicating that acute infec-
tion influenced the development but not the course of middle-ear effusion. This 
has been confirmed by several prospective studies on the persistence of middle-
ear effusions following AOM.11,14,19.23 In the cases examined, middle-ear effu-
sions present following AOM had resolved by 3 months in most ears. Others, 
however, reported a higher probability of persistent effusion after an attack of 
AOM.4,9, '5 To further confuse the issue, a considerable number of children de-
velop OME without ever having suffered from AOM A 1 6 These studies and the 
present data suggest that AOM should be considered as a component cause, but 
not a necessary cause in the development of OME. 
Common cold, OME and AOM 
Tos et al.21 concluded in 1979 that the common cold due to viral and bac-
terial infections of the upper airways is the most frequent and dominant eti-
ological factor in OME. This has been confirmed in other epidemiological and 
experimental studies.''4,7,18 j n similar studies,4,12,17·22 a strong association 
between common cold and AOM was found. In the present study a strong cor-
relation between common cold and middle-ear disease could not be confirmed. 
In this population other risk factors than common cold might have been re-
sponsible for persistence of middle-ear effusions. 
Etiology of Middle-Ear Disease 15 
Tonsillitis, OME and AOM 
Both positive as well as no correlations have been reported between tonsilli­
tis and O M E 4 , 1 8 · 2 1 and tonsillitis and AOM.4 The results of the study by Maw 
and Herod,8 in which no beneficial effect of tonsillectomy on OME could be 
established, suggest that tonsillitis is not an etiological factor in OME. 
Our present analysis showed a clear distinction between children who suffer 
from tonsillitis and those who suffer from otitis media (OME and AOM). 
Therefore, we would suggest that tonsillitis and otitis media cannot be consid­
ered as symptoms of the same pathological entity. 
We conclude from our present study that children cannot be classified along 
one dimension according to the occurrence of middle-ear and upper airway dis­
ease. The finding, however, that the data can be reduced to a bidimensional 
model indicates that there is some structure to our variables. Common cold ap­
pears to be an ubiquitous ENT disease in childhood. Depending on the child's 
predisposition, this may be accompanied by OME, AOM or tonsillitis. Even in 
a bidimensional model, we still could not find distinct physiological and 
pathological groups. It appeared that the course of middle-ear and upper airway 
disease in our cases showed a gradual scale from "healthy" to "ill," with most of 
the children in an "average" position. 
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ABSTRACT 
The otological characteristics of a birth cohort of 7'/2-8-year-old Dutch 
children are reported. Questionnaire information was available for 1004 chil­
dren, while otomicroscopic, tympanometric and pure-tone audiometrie data 
were available for 946 children. 
Surgical treatment for various ENT diseases had been received by 29% of 
the children. Of the children, 55% exhibited normal tympanic membranes, 
19% mild abnormalities, and 26% moderate to severe abnormalities. At this age 
the prevalence of bilateral otitis media with effusion (OME) as evidenced by a 
type В tympanogram was 2.5%, while that of unilateral OME was 7%. A pure-
tone average hearing level of >15 dB in the better-hearing ear was found in 4% 
of the children. The presence of OME was associated with a mean hearing loss 
of 20 dB. This study shows that structural and functional middle-ear abnor­
malities are highly prevalent in Dutch school children. 
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INTRODUCTION 
Most data on the occurrence of middle-ear disease and hearing impairment 
in young school children originate from school screening programmes. Al­
though these programmes have offered extensive information, it proves difficult 
to gain an overall view of the ear status of these children. Usually populations of 
school children are screened for middle-ear disease using tympanometry and/or 
screening audiometry; only the children who fail the criteria of school screening 
are referred to an audiology clinic where otoscopy and conventional audiometry 
are performed. Sets of audiologic data obtained in this way are not comparable, 
as testing conditions are not standardized and impedance criteria for otitis me­
dia with effusion (OME) as well as definitions for hearing impairment may vary 
considerably. Furthermore, comparison of otoscopie findings is hampered by 
the use of various instruments and classifications. 
The most comprehensive reports on 7-8-year-olds have come from Den­
mark1 , 2 and more recently from New Zealand.3 These studies have shown that 
the occurrence of middle-ear disease is past its peak at school age but prevalence 
of OME, as diagnosed by tympanometry, still reaches levels of 2 to 7.7%. Tos 
et al.1·2 recorded the findings of otomicroscopy systematically and demon­
strated that pathology of the tympanic membrane as a sequela of middle-ear 
disease is very frequent in this age group. In this population no data on hearing 
levels were reported. Chalmers et al? on the other hand, presented an extensive 
survey of the hearing status of a birth cohort as related to its middle-ear func­
tion but did not describe changes of the tympanic membrane in the complete 
cohort. The present study aims to present a combination of both otological as 
well as audiometrie characteristics of a Dutch birth cohort of 7'/г-8 year old 
children. 
SUBJECTS AND METHODS 
Some 1160 children born in the city of Nijmegen, The Netherlands, be­
tween 1 September 1982 and 31 August 1983, were invited to participate in 
this study. These children had been involved in an earlier study of the efficacy 
of screening for OME at preschool age.4 The examinations took place between 
September 1990 and February 1991 at the Department of Otolaryngology at 
the Nijmegen University Hospital and included an ENT and developmental 
history, otomicroscopy, tympanometry, and pure-tone audiometry. All otologic 
examinations were carried out by the same otolaryngologist (A.S.) using a Zeiss 
microscope. Changes of the tympanic membrane, i.e., atrophy, tympanosclero­
sis, retraction, and the presence or absence of a perforation or cholesteatoma, 
were recorded for the four quadrants of the tympanic membrane. Retraction or 
atelectasis of the pars tensa was graded according to Sade and Berco.5 Because 
atelectasis and atrophy were defined separately, atrophy was not considered a 
20 LONG-TERM EFFECTS OF OTITIS MEDIA IN CHILDREN 
• S adenomectomy 
0 Ш ventilation tube 
/Л myrlnflûtofr 
number of operations 
necessary component of atelectasis. 
Attic retraction was classified ac-
cording to Tos and Poulsen.6 The 
presence of a ventilation tube, otor-
rhoea, an otoscopie diagnosis of 
OME, or acute otitis media 
(AOM), were also recorded. Fi-
nally, the presence of an upper res-
piratory tract infection, defined as 
rhinorrhoea, edema and/or ery-
thema of the nasal mucosa with de-
creased nasal airway, was noted. 
A standardized questionnaire 
about ear, nose and throat diseases 
and treatment from ages 4-8 was 
filled out by the otolaryngologist in 
co-operation with the parents. De-
tails about surgical treatment for 
ENT disease were verified by information from the medical records of hospitals 
in the area. 
Standardized tympanometry and pure-tone audiometry were performed by 
experienced audiologists unaware of the otologic history and findings. A Grason 
Stadler-27 screening tympanometer (probe tone 226 Hz) was used for the tym-
panometric measurements. The tympanograms were classified into four types 
according to a modified version of the definitions of Jerger:7 
type A: compliance >0.2 ml and pressure >-100 daPa, 
type Cj: compliance >0.2 ml and -100 > pressure >-200 daPa, 
type C2: compliance >0.2 ml and -200 > pressure >-400 daPa, 
type B: compliance <0.2 ml or pressure <-400 daPa. 
age (years) 
Figure 1. Age distribution of ENT operations up to 
8 years of age (и=959) 
Pure-tone audiometry was conducted in a sound-proofroom using an Inter-
acoustics Clinical Computer Audiometer (model AC5) and TDH 39P head­
phones calibrated to ISO 389 standards. Air-conduction thresholds were de­
termined in 5 dB steps at the frequencies 0.25, 0.5, 1, 2, 4, and 8 kHz, and 
bone-conduction thresholds were measured at 0.5, 1, 2, 4, and 8 kHz. 
For an unbiased representation, the data for the right and left ears were 
analyzed separately. Because the results for the right ear did not differ substan­
tially from those for the left ear, cross-tabulations will be presented for the right 
ear only. 
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RESULTS 
Of the 1160 children invited to 
the follow-up study 946 children 
(82%), (479 boys and 467 girls) 
attended the hospital and could be 
fully examined. Fifty-eight chil­
dren (5%) did not attend but the 
questionnaires filled out by their 
parents were provided, leaving a 
non-participation rate of 13%. To 
what degree the present sample 
was representative of the complete 
original birth cohort of 1439 chil­
dren was investigated by means of 
data on 1328 children examined at 
preschool age."* It was found that 
the subjects lost from the sample 
between 4 and 8 years of age did 
not differ substantially from the 
subjects assessed as regards their 
ENT history and tympanometric 
findings at 2 years of age. Assum­
ing longitudinal continuity of ear 
disease, therefore, the present 
findings are unlikely to have been 
affected by attendance biases. 
For the 1004 children who had 
participated in both the preschool 
and school study, information 
about previous ENT diseases was 
available for the periods 0-2 years, 
2-4 years and 4-8 years of age. Ac­
cording to the parents, 92% of the 
children had suffered from fre­
quent episodes of coughs and colds 
(>3 times a year) in at least one of 
these periods, and 12% in all three 
periods. Thirty-two percent of the 
children had a past history of at 
least one attack of tonsillitis up to 
8 years of age, and 60% of the 
right ear EZ2 left u r 
OME nntllatlon tub· AOU otorrhea·· 
Figure 2. Otomicroscopic findings at 7V$-8 years of 
age for 941 right and 943 left ears; presence of OME, 
AOM, otorrhoea and ventilation tubes. 
right ear Y//A left ear 
Figure 3. Otomicroscopic findings at УЛ-8 years of 
age for 939 right and 942 left ears; structural 
changes of the tympanic membrane. a=tympano-
sclerosis, b=atrophy, c=atelectasis, d=attic retraction, 
e=retraction pocket, f=perforation. 
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Figure 4. Otomicroscopic findings at 7 І-8 years of age; presence of structural changes of the tym­
panic membrane; separate analysis of right and left ears with {n=77 and n=82) and without signs of 
active middle-ear disease (n=86l and »=859). 
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Table 1. Frequency of E N T operations up to 8 years of age (n=total population) 
Tonsillectomy Adenoidectomy Myringotomy Ventilation tube 
я=870 л=875 л=864 л=8бб 
lx >2х lx >2х lx 2х >3х 
93 146 16 64 11 55 34 11 
children had suffered at least once from acute otitis media. The parents sus­
pected a hearing problem between the ages 4 and 8 in 28% of the children and 
10% of all the children failed their hearing test at school. In 17% of the chil­
dren this hearing loss was confirmed by a general physician or otolaryngologist. 
Information from the parents and from the medical records in the local 
hospitals revealed that 251 children (29%) had been treated surgically for vari­
ous ENT diseases. Table 1 and Figure 1 show the percentages and age distribu­
tion for the separate surgical interventions. It should be noted that the amount 
of missing data on these items was disappointingly large, i.e., up to 14%. Ade­
noidectomy was the most frequently performed operation in this population, 
with a peak age of 3 years. Insertion of ventilation tubes showed a similar age 
distribution. A myringotomy alone, however, was most frequently carried out 
before the age of 2 years. 
The otomicroscopic findings are presented in Figures 2, 3 and 4; note that 
the scale of the vertical axis varies. Signs of active middle-ear disease at the time 
of the examination defined as OME, AOM or otorrhoea were present in 77 
right ears (8.2%) and 82 left ears (8.7%; see Figure 2). In 21 right ears (2.2%) 
and 23 left ears (2.4%) a ventilation tube was present. No cholesteatoma was 
seen at the examination, but one child who had otorrhoea was found to have an 
attic cholesteatoma when operated upon several months later. Figure 3 shows 
the occurrence of the structural changes of the tympanic membrane for all right 
and left ears. The presented abnormalities are not mutually exclusive. Because 
the presence of OME, AOM and/or otorrhoea affects the reliability of the ob­
servation of the other changes of the tympanic membrane, the ears with an 
otomicroscopic diagnosis of OME, AOM and/or otorrhoea were analyzed sepa­
rately. Figure 4 shows the results of this separate analysis for ears with and 
without concurrent middle-ear disease for the most frequent changes of the 
tympanic membrane. It appeared that the ears free from active middle-ear dis­
ease showed fewer structural abnormalities of the tympanic membrane than the 
ears with signs of concurrent middle-ear disease. In all cases, except for tym­
panosclerosis, these differences were statistically significant (chi-square test, 
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Figure 5. Frequency distribution of air-conduction thresholds at 7V^ -8 years of age for 932 right and 
930 left ears 
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/5<0.05). Slight retraction of the pars tensa and pars flaccida of the tympanic 
membrane were the abnormalities most frequently encountered. 
In summary, 520 children (55.2%) exhibited entirely normal tympanic 
membranes. Mild abnormalities, defined as tympanosclerosis up to 1 quadrant, 
atrophy up to 1 quadrant (except for the postero-superior quadrant), atelectasis 
of the pars tensa and attic retraction up to stage 1 were present in 178 (18.9%) 
children. At least moderate changes, defined as the more advanced stages of 
tympanosclerosis, atrophy, atelectasis and attic retraction, perforations, ventila­
tion tubes still present and signs of active middle-ear disease were found in 244 
children (25.9%). 
Table 2 shows the results of the tympanometric measurements. Twenty-six 
right ears and 29 left ears with a ventilation tube still present or a perforation of 
the tympanic membrane were excluded from this analysis. The prevalence of 
bilateral OME at 7 years of age as evidenced by a type В tympanogram was 
2.5%; the prevalence of unilateral OME, 7.1%. 
Table 2. Tympanometry results at 7V2-8 years of age in 910 right and 906 left ears 
Right ear Left ear 
η (%) η (%) 
Type A 594 (65.3) 608 (67.1) 
TypeC, 159 (17.5) 158 (17.4) 
Type C2 101 (11.1) 82 (9.1) 
Type В 56 (6.2) 58 (6.4) 
Signs of an upper respiratory tract infection (URTI) were observed in 302 
children (32%). In these children the tympanometric conditions were signifi­
cantly worse than in the children without an URTI (χ2=61.1; df=3; /)<0.001 
for the right ear). 
The agreement between the otomicroscopic and tympanometric diagnosis of 
OME was high: when the results of tympanometry were divided into type В 
and type non-B the agreement rate for tympanometry and otoscopy was 96%. 
Only 19% of the ears with a type C 2 tympanogram had an otoscopie diagnosis 
of OME. As myringotomy, the most reliable way to confirm middle-ear effu­
sion, was not performed in the present study, the validity of the two tests could 
not be assessed. 
The distribution of air-conduction thresholds for pure-tone stimuli of 500, 
1000, and 2000 Hz, and the pure-tone average hearing level (PTA, i.e., the av­
erage of the air-conduction thresholds at 500, 1000 and 2000 Hz) for the right 
and left ears, are shown in Figure 5. Four right ears and 1 left ear with sen-
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sorineural hearing loss were excluded from the analysis. The poorest thresholds 
were found at 500 Hz, reflecting the high prevalence of negative middle-ear 
pressure (Table 2) which affected the lower frequencies the most A PTA of 15-
30 dB in the better hearing ear, indicating a mild hearing loss,8 was demon­
strated in 37 children (4 0%). Only 1 child showed a conductive hearing loss of 
over 35 dB in the better-hearing ear, indicating at least a moderate hearing loss 
Table 3. Prevalence of OME, summary of literature 
Author 
Renvall18 
Llldholdt" 
Lous20 
Tos2 
Holmquisr21 
Stewart22 
Strachan23 
Schilder 
Year 
1975 
1980 
1981 
1986 
1987 
1989 
1990 
1993 
Number 
1600 ears 
352 children 
(both ears) 
387 children 
(poorer ear) 
I 154 ears 
II 230 ears 
II 250 ears 
III 590 ears 
412 ears 
1634 ears 
1556 ears 
1666 ears 
872 children 
(poorer ear) 
910 right ears 
Age 
in years 
7 
б'Л-7'Л 
7-8 
7 
7 
8 
7 
8 
7 9'/4 
7 
6'A-7lA 
7'A-S 
Tympanometry results 
in percentage 
A 
86 5 
78 
79 3 
71 
88 6 
61 
51 
78 
43 
50 
68 7 
73 2 
57 3 
62 5 
65 3 
c, 
7 1 
14 
15 
20 
9 
27 
26 
16 
23 
28 
19 1 
17 3 
21 0 
17 1 
17 5 
c, 
4 4 
6 
8 
17 
4 
27 
18 
152 
10 9 
11 1 
В 
2 
1 
* 
# 
5.7 @ 
9 
2.4 
4 
7 
2 
7 
4 
* 
122 @ 
9 5 
6 5 
4 9 
7 7 
9.4 
6 2 
* 
* 
* 
Month / season 
not known 
composite of 5 
screenings 
over 1-year period 
August 
November 
August 
February 
January 
April 
summer average 
winter average 
January - June 
September -
February 
type A middle ear pressure >-100 daPa 
type C, -100 to -200 daPa 
type C2 · <-200 daPa 
type В flat curve 
# type A middle ear pressure >-149 daPa 
type С, -150 to-249 daPa 
type C 2 -250 to -399 daPa 
type В · flat curve 
@ type A . middle ear pressure > 100 daPa 
type С <-100 daPa 
type В · flat curve 
dB HL 
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To assess the degree of hearing 
loss associated with negative mid­
dle-ear pressure and OME, the 
pure-tone average hearing level 
was calculated for each tympan-
ogram type. The results are dis­
played in Figure 6. The ears with a 
sensorineural hearing loss, a per­
foration of the tympanic mem­
brane or a ventilation tube still 
present were excluded from the 
analysis. Figure 6 shows that the 
presence of middle-ear effusion 
causes approximately the same 
hearing loss at all frequencies. 
Hearing acuity was best at 2000 
Hz, a phenomenon previously dis­
cussed by Fria et al.9 
27 
600 
— t y p · A η-GIS 
-*- typ· ca n-юо 
1000 
Hz 
-ь 
- β -
2000 
l y p · CI n-W7 
t y p · • η·6β 
Figure 6. Mean pure-tone threshold by tympan-
ogram type for 898 right ears at 7Î4-8 years of age. 
Pure-tone average hearing level (SD) for type A, C] , 
C 2 and B: 4.8 dB (3.6), 7.7 dB (4.1), 10.5 dB (4.8) 
and 19.7 dB (8.9) respectively. DISCUSSION 
In this Dutch population we 
found that tympanic membrane pathology, middle-ear dysfunction, and 
hearing impairment are highly prevalent at У/2-8 years of age. 
The number of operations performed upon patients in this population was 
remarkably high. Even if all the children with missing data on this item had re­
ceived no surgical treatment, 25% of the total will still have undergone some 
form of ENT surgery. Similarly high treatment figures were reported in the 
Dunedin study.10 In both populations some degree of overtreatment as a result 
of screening for OME cannot be ruled out. The number and age distribution of 
myringotomies presented in Table 1 are affected by recently changing opinion 
concerning the indications for this operation. Up until the mid-1980s myringo­
tomy was the first choice treatment for acute otitis media in The Netherlands, 
especially in young children. However, since the publication of the study by van 
Buchem in 1 9 8 1 n the number of myringotomies for AOM has dropped stead-
ily. 
The overall prevalence of structural changes of the tympanic membrane 
(Figure 3) shows great resemblance to those found by Tos et al. in their cohort 
of 7-year-olds.1 In comparison to the Danish study, the present study showed 
fewer examples of severe retractions of the pars flaccida. This may be explained 
by the more strict grading criteria in the present study. Ears with concurrent 
otitis media and/or otorrhoea showed significantly more abnormalities of the 
tympanic membrane than did ears without active middle-ear disease. That this 
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could simply be a matter of misclassification is most unlikely, as these ears are 
probably also those most affected by otitis media in the past. The difference was 
most obvious for the presence of mild retraction of the pars tensa and flaccida. 
These conditions are known to be dynamic and frequently associated with 
middle-ear dysfunction.12'13 
The prevalence of OME as diagnosed by otomicroscopy was 7.6 and 8.2% 
for right and left ears respectively. Other studies on children of the same age 
group have reported figures of 4.2 to 7.1%.14"17 The slightly higher percentage 
found in the present study might be due to the examinations taking place in 
autumn and winter, when the prevalence of OME is known to be the highest. 
Comparison of the present tympanometric data (Table 2) to those from 
studies on children of the same age group, as surveyed in Table 3, shows a 
striking similarity between the seasonal prevalences in our data and in the stud-
ies from Denmark and New Zealand. 
In this study 4% of the children had a pure-tone average hearing level of 15 
dB or worse in the better hearing ear, indicating at least a mild hearing loss. It is 
hard to relate this finding to the occurrence of hearing impairment in other 
populations as most of the relevant data originate from school hearing screening 
programmes. Although these studies have reported prevalences of hearing im-
pairment in the range of 2.8 to 7%,18·2 ' '"27 the comparability is low, due to the 
large variation in methods of testing and criteria for the definition of hearing 
loss. 
The hearing levels associated with various degrees of middle-ear dysfunc-
tion, as presented in Figure 6, were approximately 5 dB better than those re-
ported in earlier studies. This might be explained by the more homogenous age 
distribution of the present study population as compared to the populations 
studied by Fria et alß and Dempster and Mackenzie28 with age-ranges from 2 
to 12 years. In the presence of OME, a hearing loss of approximately 20 dB as 
found in the present study and in the New Zealand cohort of 7-year-olds29 
seems to be the best estimate. 
This study of the otological profile of a large sample of young school chil-
dren, evaluated using highly standardized methods, confirms to a large extent 
what has been shown fragmentarily by others: the prevalence of structural and 
functional middle-ear abnormalities is still very high in children of this age. To 
some extent these abnormalities are mild and of little clinical importance. How-
ever, prevalences of 26% for moderate otoscopie abnormalities, 6% for OME, 
and 4% for a hearing loss of at least 15 dB, should not be ignored, and lead to 
the conclusion that this age group still requires attention from those who pro-
vide for the prevention and treatment of otological disorders in children. 
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ABSTRACT 
A cohort of 946 children who were screened for OME by serial tym-
panometry from the age of 2 to 4 years was followed up by otomicroscopy, 
audiometry and developmental tests at 7'/2-8 years of age. This paper discusses 
the otomicroscopic findings. Signs of active middle-ear disease were present in 
12.7% of the untreated ears that had suffered from persistent OME at pre-
school age and in 17.8% of the ears that had been treated by a ventilation tube, 
as opposed to 2.2% of the ears that had been free from OME at preschool age. 
Otopathologic sequelae were present in 39.8%, 87.3%, and 13.7% of these ears 
respectively. A dose-response effect was found in the association between pre-
school OME and these sequelae at school age. The high prevalence of otoscopie 
abnormalities found in this population calls for further follow-up and for a 
thorough evaluation of their auditory implications. 
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INTRODUCTION 
Otitis media with effusion (OME) is very common in young children. De-
spite its usually mild and transient nature it is the most common indication for 
surgical intervention in childhood. 
The traditional aims of treatment by ventilation tubes are: (1) to produce a 
direct improvement in hearing, (2) to modify the course of the disease towards 
early resolution and (3) to prevent long-term otopathologic sequelae and devel-
opmental consequences of OME. Although tubes are very effective in improv-
ing hearing in the short term, there is no evidence as yet to support the attain-
ment of the second aim and the extent to which the third aim can be achieved 
by surgical treatment is still unknown. 
Observational studies1 have demonstrated that the presence of OME can 
cause structural changes of the tympanic membrane, but treatment by ventila-
tion tubes appeared to be ineffective in preventing the development of these 
changes. In fact, several clinical trials,2"'* in which randomized ears were treated 
by ventilation tubes and compared with the untreated ear of the same child, 
have shown that ventilation tubes can lead to atrophy and tympanosclerosis of 
the tympanic membrane and to an associated degree of hearing loss. Persistent 
OME has also been demonstrated to have a detrimental effect on speech and 
language development,5-7 but it has not yet been shown that this effect can be 
reversed by treatment with ventilation tubes. 
Since a clear view on the long-term consequences of OME and the influence 
of treatment with ventilation tubes is still lacking, further studies are necessary. 
The optimal design for such a study is a randomized controlled trial.8 However, 
withholding the widely accepted treatment for OME for a long period raises 
ethical issues and in relation to practice and belief may not be feasible, especially 
if attempted on a large sample in one area. Therefore an observational design 
was chosen to study the long-term effects of OME in a birth cohort of Dutch 
children who were screened for OME at preschool age. The present paper fo-
cuses on the structural consequences of the disease. 
SUBJECTS AND METHODS 
Preschool screening 
A complete birth cohort of 1439 children born in the city of Nijmegen, The 
Netherlands, between 1 September 1982 and 31 August 1983 was studied 
longitudinally. From the age 2 to 4 years 1328 of these children were screened 
for OME by tympanometry at 3-month intervals.9 Screening at each child's 
home address was undertaken by trained audiology technicians using a Grason 
Stadler-27 screening rympanometer. The reliability and validity of the tym-
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panometer have been tested in pilot studies.9 The tympanometry results were 
classified into 4 types according to the definitions of Jerger:10 
type A: compliance >0.2 ml and pressure >-100 daPa, 
type C,: compliance >0.2 ml and -100 > pressure >-200 daPa, 
type C2: compliance >0.2 ml and -200 > pressure >-400 daPa, 
type B: compliance <0.2 ml or pressure <-400 daPa. 
When a flat tympanogram was found, otoscopy was performed to exclude 
causes other than OME, such as cerumen or a ventilation tube present. Subse­
quently, a second tympanogram was made; only a type В tympanogram so ob­
tained was considered as evidence of OME. During each visit, the parents were 
interviewed by the audiology technician, using a structured questionnaire about 
ear, nose and throat diseases and some risk factors related to OME. 
Indications for treatment 
Generally, Dutch physicians and otolaryngologists prescribe decongestant 
nose drops and mucolytics for middle-ear effusion when it first presents itself. 
Antibiotics are rarely given for OME. Ventilation tubes are usually inserted 
when middle-ear effusion and hearing loss persist after a period of 2-3 months. 
Asymptomatic OME, without noticable hearing loss or signs of acute infection 
can remain undetected or untreated much longer. 
Follow-up 
In the autumn of 1990, 1160 children who still lived in the Nijmegen area 
were invited to participate in a follow-up study. Of these children, by then 7Vi-
8 years of age, 946 participated. The examinations took place at the Depart­
ment of Otorhinolaryngology of the University Hospital Nijmegen between 
September 1990 and February 1991. They included an ENT and developmen­
tal history, an otologic examination, tympanometry and pure-tone audiometry. 
All otologic examinations were carried out by the same otolaryngologist 
(A.S.) using a Zeiss microscope. An otoscopie diagnosis of OME or acute otitis 
media (AOM), the presence of otorrhoea, a perforation or a ventilation tube 
were noted. Abnormalities of the tympanic membrane, i.e., atrophy, tym­
panosclerosis, retraction, and the presence or absence of a localized retraction 
pocket or cholesteatoma, were recorded for the 4 quadrants of the tympanic 
membrane. Retraction or atelectasis of the pars tensa was graded according to 
Sade,11 with an additional category added to indicate no atelectasis. Stage I in­
dicates a slight retraction of the tympanic membrane and stage II indicates in-
cudopexy. In stage III the tympanic membrane touches the promontory and in 
stage IV the tympanic membrane adheres to the promontory. Attic retractions 
were classified according to Tos. 1 2 Type 0 indicates a normal Shrapnell's mem-
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brane and type 1 indicates a slight retraction towards the neck of the malleus 
with air visible between the retraction and the neck of the malleus. Type 2 in­
dicates a retraction extending to the malleus neck, to which it may adhere. A 
type 3 retraction extends beyond the bony annulus (which may be slightly 
eroded) and in a type 4 retraction, there is definite erosion of the bony annulus 
and the retraction may extend to the head of the malleus. In both type 3 and 4 
the bottom of the retraction can be visualized. 
A standardized questionnaire dealing with the history of ENT diseases and 
treatment from ages 4 to 8 was filled out by the otolaryngologist on the basis of 
information supplied by the parents. For the children who had visited their 
physician or otolaryngologist for disease of the upper airway or ear, a structured 
questionnaire was sent to the doctor concerned. In addition, information about 
surgical treatment for ENT disease was verified by a search of the medical re­
cords of the hospitals in the area. 
Analysis design 
All data sampled on the ears at preschool and school age were analyzed sepa­
rately for the right and left ear to avoid the statistical problems in tests which 
assume independence. Since the results of the analyses for the right and left ear 
were very similar, only those for the right ear are presented in the main tables. 
Where trends of marginal significance were observed on small numbers, the left 
ear data are reported also to enhance reliability. 
For a systematic analysis and representation of the data, the ears were classi­
fied into 3 groups according to the quarterly tympanometry findings at pre­
school age and a fourth group of ears treated by ventilation tubes: 
1. 270 right ears that did not show a type В tympanogram between the ages of 2 and 4, 
- the so-called "no OME" group 
2. 251 right ears that showed a type В tympanogram on at least 2 consecutive screen­
ings between the ages of 2 and 4, but were not at any time treated by a ventilation 
tube, - the "persistent OME" group 
3. 272 untreated right ears that could not be classified in group 1 or 2, - the so-called 
"transient OME" group 
4. 101 right ears that were treated by a ventilation tube at some stage between the ages 
of 0 and 8, - the so-called "ventilation tube" or "VT" group. 
Data were missing on more than 3 preschool screenings for 52 right ears. 
These ears were excluded from the classification. 
For the ears in each of these 4 groups, a preschool OME duration score was 
calculated, defined as the proportion of type В tympanograms out of all the 
available tympanometric measurements performed at 2 to 4 years of age of that 
ear (maximum 9). This score ranged from 0 to 100. 
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Differences in outcome variables among the 4 groups were statistically 
evaluated by a chi-square test, or by Fisher's exact test when the expected count 
in any cell was less than 5 Two-tailed probabilities are presented throughout 
this article 
RESULTS 
Study population 
The composition of the study population is presented in Table 1 
Table 1. Composition of study population 
1439 born berwecn 1 September 1982 and 31 August 1983 
* 111 non participants 
1328 screened for OME at 2 to 4 years of age 
i 168 lost to follow up' 
1160 invited to follow up at 7 8 years of age 
* 214 non participants 
946 examined at 7 8 years of age2 
'moved out of rhe area or refused participation in any future study at the end of the preschool 
screening 
2479 boys 467 girls 
The participation rate at the follow-up was 82% In order to determine 
whether the children examined at school age were representative of the original 
population, comparisons were made with the data on all 1328 children exam-
ined at preschool age Non-participants did not differ substantially from par-
ticipants in respect of their ENT history or their tympanometnc findings at 2 
years of age 
Figure 1 shows the distribution of the preschool OME duration scores in 
each of the 4 groups of right ears defined above 
Mean percentage duration scores were 0, 18, 53 and 44 for the "no OME," 
"transient OME," "persistent OME" and "ventilation tube" group respectively 
The scores for the "ventilation tube" group and the "persistent OME" over-
lapped to a large extent, indicating that these groups can be considered as equal 
in their preschool OME load (note that the "ventilation tube" group was de-
fined irrespective of the persistence of preschool OME) However, 89 1% of the 
surgically-treated ears compared with 29 5% of the ears from the "persistent 
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OME" group had a further OME 
history from ages 4 to 8 
(questionnaire-based data, see be­
low). This suggests that up to ages 
of 7-8 the surgically-treated ears 
were generally those most affected 
by OME. 
Active middle-ear disease 
The otoscopie findings at the 
follow-up examination were as­
signed to one of two categories: 
a. signs of active middle-ear disease 
defined as O M E , AOM or otor-
rhoea; furthermore, a ventilation 
tube still present or a perforation 
of the tympanic membrane; 
b. abnormalities of the tympanic 
membrane interpreted as sequel­
ae of previous middle-ear disease, 
i.e., atrophy, tympanosclerosis, 
atelectasis of the pars tensa and attic 
% of ear« within each group 
20 35 50 65 80 
preachool OME duration acore 
ΕΞ3 transient OME group ΥΖΔ persistant ОМЕ group 
BsTJ VT group 
Figure 1. Distribution of preschool OME duration 
scores within 3 groups of ears classified according to 
the persistence of OME at preschool age and surgi­
cal treatment. Results for right ears. Duration score: 
(type В tympanogram / total number of tympan-
ograms) χ 100. For the "no OME" group, this score 
isO. 
retraction. 
Neither these two categories of abnormality nor their subcategories in (a) 
and (b) are mutually exclusive. 
Table 2 shows the prevalence of active middle-ear disease, a perforation or a 
ventilation tube still present at 7-8 years of age among the 4 groups of ears, 
classified according to the persistence of OME at preschool age and surgical 
treatment. 
Some form of active middle-ear pathology was present in 8.6% of the right 
ears of the entire population and 2.3% showed a ventilation tube still present at 
7-8 years of age. For all 4 groups most of the middle-ear disease was ОМЕ. A 
strong association was found between the persistence of preschool OME (as ex­
pressed by the classification "no" versus "persistent OME") and the total occur­
rence of active middle-ear disease or perforations at school age (χ2=21.3; df=l; 
P<0.001). These continuing abnormalities were most prevalent in children who 
were treated by a ventilation tube at some stage up to the age of 8, though not 
significantly different from the occurrence in the "persistent OME" group 
(X2=1.5;df=l;/>=0.21). 
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Table 2 Signs of active middle ear disease, perforation and ventilation tube (VT) at 7-8 years 
of age in four groups of ears classified according to the persistence of OME at preschool age 
and treatment Results for right ears 
preschool OME otoscopy at 7 8 years of age, percentage of group total 
persistence groups (P value in relation to reference group) 
OME AOM otorrhoea perforation VT still total 
present (VT excluded) 
no OME 
transient OME 
persistent 
OME 
ventilation tube 
«=270 
«=272 
«=251 
«=101 
2 2 
(ref) 
7 4 
(0 006) 
12 1 
(<0 001) 
120 
(<0 001) 
0 0 
(ref) 
0 0 
О 
0 0 
О 
2 0 
(0 07) 
0 0 
(ref) 
0 0 
О 
0 4 
(0 48) 
4 0 
(0 005) 
0 0 
(ref) 
0 4 
(10) 
0 4 
(0 48) 
3 0 
(0 02) 
0 0 
0 0 
0 0 
20 8 
2 2 
(ref) 
7 7 
(0 003) 
127 
(<0 001) 
178 
(<0 001) 
Otopathologic sequebe 
The presence of active middle-ear disease, a perforation or a ventilation tube 
must influence the interpretation of structural sequelae of the tympanic mem­
brane Tos1 previously concluded that otopathologic sequelae cannot be clearly 
visualized until middle-ear effusion and inflammatory changes have disap­
peared Likewise, abnormalities caused by ventilation tubes can only be assessed 
reliably some time after extrusion of the tube Therefore, ears showing signs of 
active middle-ear disease, a perforation or a ventilation tube were analysed sepa­
rately Since the data on sequelae for those ears were considered less reliable 
they are not presented in this paper 
The prevalence of pathologic changes at 7-8 years of age is presented in 
Table 3 for the 4 groups of ears classified according to the persistence of OME 
at preschool age and surgical treatment 
Serious retraction pockets in the pars tensa were found in 3 right ears, all 
from the "ventilation tube" group None of the ears examined at school age 
showed cholesteatoma, but one ear from the "transient OME" group that ex­
hibited otorrhoea was found to have an attic cholesteatoma when operated 
upon several months later The frequency of structural changes of the tympanic 
membrane at school age correlated well with the persistence of preschool OME 
The group of ears treated by a ventilation tube showed the highest percentage 
of all structural changes The total figures in the right-hand column suggest that 
often a combination of these changes was found The difference between the 
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surgically treated and untreated ears from the "persistent O M E " group was 
largest for atrophy (χ 2 =99.8; df=l; / )<0.001) and tympanosclerosis (χ 2 =79.9; 
df=l; / )<0.001), as expected for abnormalities known to be most directly related 
to treatment by ventilation tubes. For atelectasis of the pars tensa and retraction 
of the pars flaccida of the tympanic membrane, the difference between the 
O M E affected ears with and without surgical treatment was present, but less 
obvious (χ 2 =9.6; df=l; Я=0.002 and χ 2 =11.6; df=l; Р=0.001 respectively). 
Since the duration of preschool O M E varied considerably within the 4 per­
sistence groups presented in Table 3, another classification of the ears was cho­
sen to study the association between the proportion of time spent with O M E at 
preschool age and otopathologic sequelae at school age. Three groups of right 
ears were defined with preschool O M E duration scores ranging from 10-30, 
35-50 and 55-100. Table 4 shows the prevalence of tympanosclerosis, atrophy, 
atelectasis and attic retraction at school age as a function of duration. T h e surgi­
cally-treated ears were excluded from this analysis. 
A dose-response relation appears to be present between each outcome pa­
rameter at school age (atrophy, atelectasis and attic retraction) and duration of 
preschool O M E . For tympanosclerosis the difference between the 3 groups was 
not statistically significant, although a trend was visible. 
Table 3. Otopathologic sequelae at 7-8 years of age in four groups of ears classified according 
to the persistence of OME at preschool age and treatment (96 right ears with signs of active 
middle-ear disease, perforation or ventilation tube still present excluded). Results for right ears. 
preschool ( 
persistence 
no OME 
transient 
OME 
persistent 
OME 
ventilation 
tube 
DME, 
groups 
n=264 
л=251 
л=219 
л=64 
tympano­
sclerosis 
0 
(réf.) 
2.4 
(0.01) 
3.7 
(0.002) 
47.6 
(<0.001) 
otoscopy at 7-8 years of age, percentage of group total 
(P-value in relation to reference group) 
attophy 
3.4 
(ref.) 
4.4 
(0.57) 
8.8 
(0.01) 
68.2 
(<0.001) 
atelectasis pars tensa 
stage 1 stage >2 
4.9 1.9 
(ref.) 
6.4 2.0 
(0.51) 
16.2 1.9 
(<0.001) 
22.2 14.3 
(<0.001) 
attic retraction 
stage 1 stage >2 
6.1 0.4 
(ref.) 
12.8 4.4 
(<0.001) 
21.8 7.4 
(<0.001) 
38.1 14.3 
(<0.001) 
total 
13.7 
(ref.) 
22.7 
(0.008) 
39.8 
(<0.001) 
87.3 
(<0.001) 
Information on the O M E history in the period between the end of the pre-
school screening and the follow-up examination, i.e., from ages 4 to 8, was ob-
tained from the questionnaires. The O M E history was considered positive when 
parents had suspected a hearing loss or the child had failed its hearing test at 
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school, leading to an audiometrically confirmed hearing loss or an otoscopie di­
agnosis of OME (children with a congenital or familial hearing loss were ex­
cluded). These answers were verified and overruled by physician's or otolaryn­
gologist's questionnaire responses where they were available. Table 5 shows the 
effect of a positive OME history between the ages of 4 and 8 on the otoscopie 
findings at 7-8 years of age, in each of the 3 groups of ears that were not treated 
by a ventilation tube 
Table 4. Otopathologic sequelae at 7-8 years of age as a function of the preschool OME 
duration score (ears treated by a ventilation tube excluded) Results for right ears 
preschoo 
duration 
10-30 
35-50 
55 100 
. Ю М Е 
score 
я=256 
л=120 
л=8б 
tympanoscl· 
2 3 
2 5 
4 6' 
otosec 
erosis 
>РУ at 7-8 years 
atrophy 
3 9 
7 5 
12 8 ' 
of age, percentage of 
atelectasis pars tensa 
7 0 
1 5 8 
26 7* 
group total 
attic retraction 
1 7 2 
2 1 7 
39 5® 
χ
2
 te« on 3 classes of OME duration 'P =0 5, 7><0 05, ®P <0 001 
Table 5 Prevalence of otopathologic sequelae at 7-8 years of age for ears with a positive versus 
a negative history of OME from the age of 4 to 8 (ears treated by a ventilation tube excluded) 
preschool 
O M F , 
persistence 
groups 
no OME 
transient 
O M E 
persistent 
O M E 
O M E history 
4-8 years 
negative 
positive 
negative 
positive 
negative 
positive 
R 
n=240 
n= 24 
я=218 
n= 33 
n = l 6 2 
л= 57 
L 
л = 2 3 4 
я= 27 
я = 2 1 4 
n= 29 
л = 1 6 8 
л= 62 
tymf 
( 
lano-
sclerosis 
R 
0 0 
0 0 
2 3 
3 0 
2 5 
7 1 
L 
0 0 
0 0 
0 5 
0 0 
5 9 
1 6 
Hoscopy at 7-8 
percentage of 
atrophy 
R 
2 5 
12.5" 
4 1 
6 I 
8 7 
8 9 
L 
0 4 
3.7 
2.8 
6 9 
10 1 
9 7 
years 
group 
of age 
total 
atelectasis 
pars 
R 
6 3 
12 5 
7 8 
12.1 
1 6 9 
2 1 4 
; tensa 
L 
5 1 
11 1 
7.5 
1 3 8 
17 9 
22 6 
attic 
retraction 
R L 
4 6 7 3 
25 0" 1 1 1 
15 1 8.9 
30.3 ' 37.9* 
25 6 20.2 
39 3 ' 40 3' 
χ
2
 test on positive versus negative OME history 4-8 years· 'P =0 05, 'P <0 05, 'P <0 001, otherwise not 
significant 
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Except for tympanosclerosis and atrophy in the persistent OME group, a 
positive OME history at the ages of 4 to 8 resulted in a higher prevalence of 
otopathologic sequelae in both ears at the follow-up examination. This effect 
was most substantial for attic retraction. 
Acute otitis media 
It is of interest whether a past history of acute otitis media (AOM) exacer­
bates the otopathologic sequelae of OME. Information on the AOM history of 
the children was obtained from questionnaires that were available for the peri­
ods 0-2 years, 2-4 years and 4-8 years. The AOM history was considered posi­
tive when children had experienced otalgia or otorrhoea, leading to a medical 
diagnosis of AOM in any of these 3 periods. Again, where possible the answer 
was verified and overruled by the physician's or otolaryngologist's question­
naire. Up to the age of 8 years, 86% of the surgically-treated ears had a positive 
AOM history, as opposed to 56% of the ears from the "persistent OME" group 
(χ2=18.3; df=l; /><0.0001) For the "transient OME" and "no OME" group 
these percentages were 54 and 45. 
The prevalence of tympanosclerosis, atelectasis and attic retraction at school 
age was unaffected by the AOM history. However, in the untreated ears with a 
negative AOM history the prevalence of atrophy at school age was no longer as­
sociated with the persistence of preschool OME. The prevalences of atrophy 
were 2.1, 2.6 and 2.0% for the "no OME," "transient OME" and "persistent 
OME" group respectively. In ears with a positive AOM history these preva­
lences were 5.1, 5.9, and 14.5%, showing that the ears with both persistent 
OME and г positive AOM history were especially at risk to develop atrophy (χ 2 
= 10.5; df=l; /3=0.001). In surgically-treated ears the prevalence of atrophy was 
not significantly influenced by the AOM history. 
Ventilation tubes 
The effect of repeated ventilation tube insertion on the frequency of otopa­
thologic sequelae is presented in Table 6. 
Tympanosclerosis and atelectasis occurred most frequently in both ears that 
were treated by more than one ventilation tube. However, the number of ears 
in this analysis was too small to reach statistical significance. For atrophy and 
attic retraction the effect of more than one tube was small or not consistent. 
Further analysis of the degree or extent of otopathologic sequelae revealed 
that the more generalized tympanosclerotic and atrophic changes and the most 
advanced stages of atelectasis and attic retraction were found most frequently in 
the ears that were treated more than once by a ventilation tube. 
Finally, in order to test the hypothesis that early treatment of OME can 
prevent structural changes of the tympanic membrane, the prevalence of se­
quelae was studied in ears treated before and after the age of 4. Table 6 shows a 
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trend for all abnormalities, except attic retraction, to occur more frequently in 
the ears that had their first tube inserted before the age of 4 compared to those 
which were treated after that age, but the differences were small or the numbers 
too small to reach statistical significance. 
Table 6 Prevalence of otopathologic sequelae at 7-8 years of age as a function of the number 
of ventilation tube«; (VT) and age of first insertion 
treatment history 
R 
1 VT n=4l 
>2 VT n=22 
L 
n=38 
n-21 
tympanosclerosis 
R L 
416 44 7 
59 1 66 7 
otoscopy at 7 8 
percentage of 
atrophy 
R L 
68 3 63 2 
68 2 66 7 
years of age 
group total 
arelectasis 
pars tensa 
R L 
29 3 42 1 
50 0 57 1 
attic 
retraction 
R L 
46 3 47 4 
63 6 39 0 
after 4 years n=33 n=31 36 7 46 4 63 3 57 1 26 7 46 4 50 0 46 4 
before 4 years л=30 и=28 57 6 58 6 72 7 710 45 4 48 4 54 4 419 
Differences between 1 and >2 VTs and between before 4 years and after not significant for right and 
left eats 
DISCUSSION 
This large longitudinal study gives further evidence that OME in early life 
causes long-term abnormalities of the tympanic membrane. It also suggests that 
these abnormalities cannot be prevented by treatment with ventilation tubes, as 
otopathologic sequelae were most prevalent in the surgically-treated ears. 
Generalization of the present findings may be restricted by the non-experi­
mental design of the study Most importantly, the duration of disease may not 
be fully comparable in the treatment and no treatment groups, which makes it 
difficult to distinguish between the effects of disease and of treatment. In the 
present analyses the contrast regarding the preschool OME duration score be­
tween the 3 untreated groups was good. For the "ventilation tube" and 
"persistent OME" group these scores were similar However, far more children 
in the "ventilation tube" group than in the "persistent OME" group had a fur­
ther history of middle-ear disease (OME and AOM), suggesting that, up to 7-8 
years of age, the surgically-treated ears were those most affected by middle-ear 
disease 
All prevalences reported in this study are by ear. On the assumption that 
right and left ears are not fully dependent, the prevalences per child will be 
higher Further analyses of the present data per child might reveal whether host 
factors are also involved in the development of otopathologic sequelae. 
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Despite its limitations, the study succeeded in replicating results from previ­
ous reports such as those from Tos1 and in addition provides new information 
concerning a wider variety of otopathologic changes upon which a consistent 
interpretation can be imposed. 
Active middle-ear disease 
The prevalence of active middle-ear disease, perforations and ventilation 
tubes still present in this population as a whole (Table 2) was remarkably high 
and similar to the otoscopie findings at 7 years of age in the New Zealand co­
hort followed by Chalmers et аІУ^ In the present population, 11% of the chil­
dren assessed at school age had been treated with a ventilation tube on at least 
one occasion. More than one-third of their ears were still not free from active 
middle-ear disease or needed a ventilation tube to secure middle-ear ventilation. 
Presence of a perforation was usually associated with a past history of tubes. 
Preschool tympanometry appeared to be a reasonable predictor of middle-ear 
disease at school age, as in both groups with persistent OME at preschool age 
(the "persistent OME" and "ventilation tube" groups) the prevalence of OME 
at school age was high, whereas the children who did not have type В tympan-
ograms at preschool age were far less likely to suffer from middle-ear disease at 
school age. 
Otopathologic sequelae 
In the untreated ears a strong association was found between the persistence 
of early OME and abnormalities of the tympanic membrane considered to be 
sequelae of OME. A similar trend was demonstrated by Tos et αίλ in their co­
hort of 7-year-olds. In both Tables 3 and 4 a dose-response relation was found 
for atrophy, atelectasis and attic retraction, suggesting that the development of 
these abnormalities was related to the proportion of time spent with OME. 
Tympanosclerosis almost exclusively occurred in the ears treated by a ventila­
tion tube. 
The questionnaire data on the OME history of the children from 4 to 8 
years of age only partially filled the gap in information between the end of the 
preschool screening and the follow-up at school age. This information is likely 
to be more biased than the tympanometric data.1 4 Nevertheless, irrespective of 
persistence at 2 to 4 years, a further history of OME between the ages of 4 and 
8 resulted in higher prevalences of atelectasis and attic retraction at 7-8 years of 
age in the untreated ears (Table 5). As expected, the differences for atrophy and 
tympanosclerosis were not so obvious in the untreated ears. 
Ventilation tubes 
Much research has addressed structural changes of the tympanic membrane 
after insertion of ventilation tubes for OME. The most conclusive data have 
44 LONG-TERM EFFECTS OF OME IN CHILDREN 
come from prospective randomized trials2-'*·1''-17 in which children with bilat-
eral OME were treated with a unilateral tube, the other ear receiving no treat-
ment or myringotomy alone. Follow-up, at 1 to 15 years after treatment, 
showed tympanosclerosis and atrophy to be the most common sequelae of 
treatment with ventilation tubes for OME. Tympanosclerosis was reported to 
occur in 30-53% of the ventilated ears as opposed to 0-21% in the untreated or 
myringotomized ears. The prevalence of atrophy ranged from 9-67% in the 
ventilated ear as opposed to 0-15% in the other ear. The data on the pars tensa 
changes in the present study are consistent with these results. As opposed to 
Bondings findings,^ the prevalence of attic retraction in the present population 
was also significantly higher in the ears from the "VT" group than from the 
"persistent OME" group (Table 3). This was probably due to the persistence of 
OME after the age of 4 in the "VT" group rather than to the insertion of the 
tube itself. 
Maw18 recently suggested on the basis of a prospective clinical trial that a 
one-time insertion of a ventilation tube brings about the same prevalence and 
severity of tympanosclerosis as repeat tube insertion. In 1983, Tos17 had come 
to a similar conclusion. These authors did not report on other types of possible 
damage to the tympanic membrane by repeat tube insertion. The present study, 
along with another Danish study,19 found a higher prevalence of tympanoscle-
rosis, though not statistically substantiated, to be associated with more than one 
tube. The higher prevalence of atelectasis in the ears treated by more than one 
tube, as demonstrated in Table 6, was probably more closely related to the 
higher OME load in children treated by more than one tube than to the actual 
number of tubes. 
Most abnormalities of the tympanic membrane were slightly more frequent 
in ears that were treated before the age of 4 than after that age, probably be-
cause children treated young are more likely to be treated on a second occasion. 
It seems justified to conclude, along with Tos,20 that age at the time of first 
treatment does not greatly influence structural changes of the tympanic mem-
brane. 
Acute otitis media 
A prospective study in children treated by ventilation tubes for acute otitis 
media21 showed that in these children less severe pathology of the tympanic 
membrane occurred than in children treated for persistent otitis media with ef-
fusion. Animal studies22·2^ have also shown that pathologic changes in the 
middle ear and tympanic membrane associated with sterile effusions are differ-
ent from those associated with an infectious process in the middle ear. In our 
data, a positive or negative history of acute otitis media, based on questions 
about otalgia and otorrhoea, did not alter the prevalences of any abnormality of 
Otomicroscopic Findings 45 
the tympanic membrane, other than atrophy Repeat bouts of otorrhoea in ears 
with persistent OME might result in an increased risk of atrophy 
CONCLUSION 
In conclusion, a strong association was demonstrated between OME at pre­
school age and the prevalence of active middle-ear disease and abnormalities of 
the tympanic membrane at school age The finding of a dose-response effect in 
this association suggests that the persistence of early OME is important for the 
development of otopathologic sequelae By far the most abnormalities of the 
tympanic membrane were present in surgically-treated ears, however, these ears 
were probably the ones most persistently affected by OME as well The high 
prevalence of otoscopie abnormalities found in this population calls for further 
follow-up and for a thorough evaluation of their auditory implications 
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ABSTRACT 
A cohort of 946 children who were screened for OME by serial tym­
panometry from the age of 2 to 4 years was followed up at 7!/г-8 years of age by 
otomicroscopy, pure-tone audiometry and tympanometry. The average air-
conduction threshold at 0.5-4 kHz at school age for the ears that had been free 
from OME at preschool age was 5.0 dB, as opposed to 7.8 dB for the ears that 
had been affected by OME persistently and 12.6 dB for the ears that had been 
treated by a ventilation tube. It was shown that these hearing levels on the one 
hand reflect the actual presence of middle-ear effusion, on the other hand the 
occurrence of structural abnormalities of the tympanic membrane related to 
early OME and treatment by ventilation tubes. Persistent OME at preschool 
age was associated with deteriorated bone-conduction thresholds at 8 kHz at 
school age. 
Auditory Findings 49 
INTRODUCTION 
The potential advetse effect of otitis media with effusion (OME) on cogni-
tive and linguistic development is generally considered to be the result of con-
ductive hearing losses associated with OME. Various degrees of hearing im-
pairment associated with OME have been reported, averaging between 20 and 
30 dB.1 '8 The divergences among reported hearing levels can be explained to a 
large extent by the selection of patients (clinical cases versus unselected popula-
tions, various age distributions) and testing methods (PTA, SRT and BERA). 
The Dunedin study7 is the only study so far that has dealt with a large popula-
tion of unselected children rather than clinical cases. Its data on hearing give a 
good impression of hearing ability associated with various degrees of middle-ear 
dysfunction in children in general. 
As yet, little is known about the long-term effects of treated and -untreated 
OME upon hearing. Clinical studies into the effectiveness of ventilation tubes 
in persistent OME, have demonstrated that a short-term improvement in 
hearing can be attained by surgical treatment,3-5.9-13
 Dllt: after some time air-
conduction levels become equal in treated and -untreated ears.3-5.9-11,13 T 0 
what degree these postoperative thresholds differ from hearing thresholds in 
children with negative OME histories is not known. 
There is some evidence that reversible or irreversible sensorineural hearing 
losses can develop during the course of OME.14"22 This evidence is mainly 
based on animal studies and small numbers of clinical cases and has not been 
substantiated by reports on sufficiently large numbers to justify listing as a gen-
eral sequela. 
Therefore, further study of the long-term effect of OME on air-and bone-
conduction thresholds in the general population is needed. The present de-
scriptive study addresses this subject and demonstrates the influence of treated 
and -untreated OME early in life on middle-ear function and hearing levels of a 
large population of children at school age. Air- and bone-conduction levels and 
tympanometric findings are reported in a birth cohort of Dutch children of 
7V2-8 years old and related to the results of serial screening for OME of the 
same children at 2 to 4 years of age. 
SUBJECTS AND METHODS 
Preschool screening 
A full cohort of 1439 children born in the city of Nijmegen, the 
Netherlands, between 1 September 1982 and 31 August 1983 was studied 
longitudinally. Of these children, 1328 participated in an earlier serial screening 
study of OME, receiving quarterly tympanometry from the age of 2 to 4 
years.23 Screening took place at each child's home address by a trained audiol-
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ogy technician. A Grason StadIer-27 screening tympanometer was used for the 
tympanometric measurements, its reliability and validity having been tested in 
pilot studies.2^ The tympanograms were classified into 4 types according to the 
criteria defined by Jerger:24 
type A: compliance >0.2 ml and pressure >-100 daPa, 
type Cj: compliance >0.2 ml and -100 > pressure >-200 daPa, 
type C2: compliance >0.2 ml and -200 > pressure >-400 daPa, 
type B: compliance <0.2 ml or pressure <-400 daPa. 
When a flat tympanogram was found, otoscopy was performed to exclude 
causes other than OME, such as ear wax or a ventilation tube present. 
Subsequently, a second tympanogram was made; only a type В tympanogram 
so obtained was considered as evidence of OME. 
During each visit, the parents were interviewed by the audiology technician, 
using a structured questionnaire about ear, nose and throat diseases and some 
risk factors related to OME. 
Indications for treatment 
In the Netherlands children with symptomatic middle-ear effusion are often 
initially treated by decongestant nose drops and mucolytics. Antibiotics are 
rarely prescribed for OME. When middle-ear effusion and hearing loss persist 
after a period of 2-3 months, ventilation tubes are usually placed. 
Asymptomatic OME (i.e., without noticable hearing loss or signs of acute in­
fection) can remain undetected or -untreated much longer. 
Follow-up 
In the autumn of 1990, the children who still lived in the Nijmegen area, 
and who were by then 7У2-8 years of age, were invited to participate in a follow-
up study. Of the 1160 children invited, 946 attended the follow-up examina­
tion. The examinations took place between September 1990 and February 1991 
at the Department of Otorhinolaryngology of the University Hospital 
Nijmegen and included an ENT and developmental history, an otological ex­
amination, tympanometry and pure-tone audiometry. 
All otologic examinations were carried out by the same otolaryngologist 
(A.S.) using a Zeiss microscope. The following abnormalities were recorded: an 
otoscopie diagnosis of OME or acute otitis media (AOM), otorrhoea, a ventila­
tion tube still present, atrophy, tympanosclerosis, atelectasis,25 attic retrac­
tion,2 6 a localized retraction pocket of the pars tensa, perforation and cholestea­
toma. 
A standardized questionnaire dealing with ear, nose and throat diseases and 
treatment from ages 4 to 8 years was filled out in co-operation with the parents. 
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Additional information on the medical diagnosis and treatment of upper airway 
and ear disease was collected from questionnaires sent to the physicians and 
otolaryngologists of the participating children. Information about surgical 
treatment for ENT disease was verified by a search of the medical records of the 
hospitals in the area. 
Standardized tympanometry and pure-tone audiometry were performed by 
experienced audiologists blind to the otologic history and findings. 
Tympanometric measurements were recorded by a Grason Stadler-27 tym-
panometer (probe tone 226 Hz) and classified according to the same criteria as 
described above. Audiometrie tests were conducted in a soundproof room using 
an Interacoustics Clinical Audiometer (model AC5) and T D H 39P head­
phones, calibrated to ISO 389 standards. Air-conduction thresholds for pure-
tone stimuli were determined in 5 dB steps at the frequencies 0.25, 0.5, 1, 2, 4 
and 8 kHz. Bone-conduction thresholds were measured at 0.5, 1, 2, 4 and 8 
kHz only if the air-conduction threshold exceeded 5 dB. If the air-conduction 
threshold was 5 dB or less, bone-conduction levels were considered to be equal 
to air-conduction levels at that frequency. Air- and bone-conduction levels were 
assessed with masking of the non-test ear as needed.27 
Congenital hearing loss 
Preliminary analysis of the audiometrie and questionnaire data showed that 
4 children suffered from unilateral sensorineural deafness, and 3 children from 
unilateral combined hearing losses of more than 70 dB at one or more frequen­
cies. These were all congenital cases. Data on these 7 children were excluded 
from further analyses. 
Analysis design 
All data sampled on the ears at preschool and school age were analyzed sepa­
rately for the right and left ear for reasons of interdependancy. Since the results 
of the analyses of the right and left ear were similar, only those of the right ear 
are presented here. 
For a systematic analysis and representation of the data, the ears were classi­
fied into 3 groups according to the quarterly tympanometric findings at pre­
school age: 
1. 270 righe ears that never showed a type В tympanogram between the ages of 2 and 4, 
- the so-called "no OME" group 
2. 251 right ears that showed a type В tympanogram on at least 2 consecutive screen­
ings between the ages of 2 and 4, and not at any time treated by a ventilation tube, -
the "persistent OME" group 
3. 272 -untreated right ears that could not be classified in group 1 or 2, - the so-called 
"transient OME" group. 
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Fifty-two right ears were excluded from this classification because of missing 
data on more than 3 preschool screenings. 
Ears treated by ventilation tubes were assigned to 2 further groups: 
4. 80 right ears that had been treared by a ventilation tube (VT) at some stage between 
the ages of 0 and 8, the tubes being extruded at the time of the follow-up examina­
tion - the so-called "VT extruded" group 
5. 21 right ears that still had a ventilation tube present in the tympanic membrane at 
the follow-up examination - the "VT still present" group. 
For the ears in each of these 5 groups, a preschool OME duration score was 
calculated, defined as the proportion of type В tympanograms out of all the 
available tympanometric measurements performed at 2 to 4 years of age ofthat 
ear (maximum 9). This score ranged from 0 to 100. 
Statistical methods 
Tympanometric results at follow-up were analyzed using chi-square tests. 
Average hearing levels were calculated for the frequencies 0.5 to 4 kHz as these 
can be measuted most reliably and provide a robust predictor of the under­
standing of conversational speech. Differences in average hearing levels among 
the 5 groups were statistically evaluated by Wilcoxon tests. To facilitate com­
parison with other studies and emphasize clinical relevance, hearing levels were 
also trichotomously classified in ranges of impairment, corresponding to 
"normal" (<15 dB), "marginal" (15-25 dB) and "impaired" (>25 dB). These re­
sults were analyzed with chi-square tests, or with Fisher's Exact tests when the 
expected count was less than 5. Two-tailed probabilities are quoted throughout 
this article. 
RESULTS 
Study popuhtion 
Table 1 shows the composition of the study population. The participation 
rate at follow-up was 82%. In order to determine whether the children exam­
ined at school age were representative of the original population, comparisons 
were made with the data on all 1328 children examined at preschool age. It was 
found that the non-participants did not differ substantially from the partici­
pants in ENT history or tympanometric findings at 2 years of age. 
Preschool OME duration score 
The mean preschool OME duration score for the "no OME," "transient 
OME," "persistent OME," "VT extruded" and "VT still present" group was 0, 
18, 53, 45 and 44 respectively. The distribution of this score for the "VT ex­
truded" group and the "persistent OME" group overlapped to a large extent, 
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Table 1. Composition of study population 
1439 
1 111 
1328 
I 168 
1160 
-1- 214 
946 
born between 1 September 1982 and 31 August 1983 
non-participants 
screened for OME at 2 to 4 years of age 
lost to follow-up' 
invited to follow-up at 7-8 years of age 
non-participants 
examined at 7-8 years of age2 
'moved out of the area or refused participation in any future study at the end of preschool screening 
2479 boys, 467 girls 
suggesting that these groups can 
be considered as equal in their 
preschool OME load (note that 
the ventilation tube groups were 
defined irrespective of the per­
sistence of preschool OME). 
However, 89.1% of the 
surgically-treated ears compared 
with 29.5% of the ears from the 
"persistent OME" group had a 
further OME history from age 4 
to 8 (questionnaire-based data). 
This indicates that up to the age 
of 7-8 the surgically-treated ears 
were generally those most affected 
by OME. 
Tympanometry results 
The distribution of tympan-
ogram types at school age among 
4 groups of ears classified 
according to duration of OME at 
preschool age and treatment is 
presented in Figure 1. At 71/2-8 
years of age, middle-ear function 
Figure 1. Distribution of tympanogram types at 7-8 
years of age within 4 groups of ears classified accord­
ing to the duration of OME at preschool age and 
surgical treatment. Results for right ears. 
•Ш no OME η·2ββ 7ΖΔ tranalant OME η·270 
EBB p.f.l.rtnt OME n-244 ES3 VT «trudtd n-71 
% of e a r · within «ach group 
type A type C1 type C2 type В 
tympanogram types 
Notes: 
1. Twenty ears with VT still present and 5 ears with 
perforation of pars tensa excluded 
2. Distribution of type A and Cj as opposed to type 
C 2 and B: chi-square tests for "transient OME," 
"persistent OME" and "VT extruded" as related to 
"no OME:" P=0.001, Л0.001 and /><0.001 
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was significantly worse in the ears with a history of persistent OME at preschool 
age than in those with a negative or transient preschool OME history. 
Abnormal middle-ear function at school age, as expressed by a type C2 or type 
В tympanogram, was found in 29% of the ears from the "persistent OME" 
group and in as many as 45% of the ears that had been treated by a ventilation 
tube in the past. For the ears with a negative or transient OME history these 
figures were 5% and 13% respectively. In the present population the agreement 
between the tympanometric and otomicroscopic diagnosis of OME was high: 
when the tympanometry results were divided into type В and type non-B the 
agreement rate for tympanometry and otoscopy was 96%. 
Pure-tone audiometry in different tympanogram types 
Figure 2 shows the mean air-conduction levels at 0.25-8 kHz as a function 
of tympanometry at school age, i.e., in a cross-sectional analysis. The difference 
in hearing thresholds between the ears with normal middle-ear pressure and 
those with negative middle-ear pressure or middle-ear effusion was ap­
proximately equal at all frequencies tested. For all tympanogram types hearing 
was best at 2 kHz. The average hearing loss at 0.5-4 kHz with OME present 
was 20 dB. 
Figure 2. Mean air-conduccion chresholds as a function of tympanometry at 7-8 years 
of age. Results for right ears. 
250 500 1000 2000 4000 Θ000 Hz 
-••type A n=5B5 
" type C1 n=157 
X type C2 n = 100 
••type В n=56 
dBHL 100 
Notes: 
1. Twenty ears with VT still present and 5 ears with perforation of pars tensa excluded 
2. Average air-conduction thresholds at 0.5-4 kHz (and associated standard deviations) 
for type A, q , C 2 and B: 4.6 (3.5), 7.4 (4.2), 10.3 (4.9) and 19.9 (9.6) dB 
3. Wilcoxon tests for type C,, C 2 and В as related to type А: ЛсО.001 
- IU 
30 
40-
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Figure 3- Mean air-conduction thresholds at 7-8 ycats of age for 5 groups of ears 
classified according to the duration of OME at preschool age and surgical treatment. 
Results for right ears. 
250 500 1000 2000 4000 8000 Hz 
• no OME n = 266 
• transient OME n=269 
* persistent ОМЕ n=246 
* V T extruded n=77 
* V T still present n=20 
dBHL iooJ J I I I I 
Notes: 
1. Average air-conduction thresholds at 0.5-4 kHz (and associated standard deviations) 
for the 5 groups: 5.0 (3.7), 6.0 (4.6), 7.8 (6.3), 12.6 (10.4) and 8.9 (7.3) dB. 
2. Wilcoxon tests for "transient OME," "persistent OME," "VT extruded" and "VT 
still present" as related to "no ОМЕ:" Р=0Л2, ЛЮ.001, 7><0.001 and /"=0.001 
respectively 
Long-term hearing 
The long-term hearing results are presented in Figures 3 to 5. Figure 3 
shows the mean air-conduction thresholds at 0.25-8 kHz for the groups of ears 
classified according to the duration of OME at preschool age and surgical 
treatment. A positive OME history at preschool age, as evidenced by a type В 
rympanogram, was associated with significantly poorer hearing levels at school 
age than those seen in children with a negative preschool OME history. The 
decline in hearing was equivalent at all frequencies tested, except for the ears 
that still had a ventilation tube present at follow-up. Hearing was found to be 
poorest in the ears that had been treated by a ventilation tube in the past. 
Hearing thresholds were also analyzed trichotomously (see Table 2). Hearing 
was within normal limits in almost all ears with a negative OME history, 
whereas 13% of the ears that were treated by a ventilation tube in the past had 
hearing of 25 dB or poorer. The hearing results at school age as presented in 
Figure 3 and Table 2 will be influenced by the presence or absence of OME at 
that time. Therefore, mean hearing levels were calculated separately for the ears 
with a type В rympanogram at school age and those showing a type A, C], or 
C 2 rympanogram at that age. Because the ears with a ventilation tube still 
present were by definition free from OME at school age, they were excluded 
from this analysis. 
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Figure 4. Mean air-conduction thresholds at 7-8 years of age for 4 groups of ears 
classified according to the duration of OME at preschool age and surgical treatment. 
a. Results for right ears with type A, C, or C 2 tympanogram at follow-up. 
500 1000 2000 B000 Hz 
• no OME n=26S 
• transient OME n«259 
* persistent OME n=219 
» V T extruded Π=β3 
dBHL 100-
Notes: 
1. Average air-conduction thresholds at 0.5-4 kHz (and associated standard deviations) 
for the 4 groups: 5.0 (3.7), 5.5 (3.8), 6.5 (4.5) and 9.8 (7.8) dB 
2. Wilcoxon tests for "transient OME," "persistent OME" and "VT extruded" as 
related to "no ОМЕ:" Z^O.08, P<0.001 and ЛО.ООІ respectively 
b. Results for right ears with type В tympanogram at follow-up. 
250 500 8000 Hz 
-••no ОМЕ n=1 
• transient OME n=10 
•£- persistent OME n=27 
» V T extruded n=14 
dBHL loo 
Notes: 
1. Average air-conduction thresholds at 0.5 to 4 kHz (and associated standard devia-
tions) for the 4 groups: 14(-), 18.5(6.9), 17.9 (9.1) and 25.0 (11.6) dB 
2. Wilcoxon tests for "persistent OME" and "VT extruded" as related to "transient 
OME:" />=0.69 and P=0.18 respectively 
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Figure 4a shows that the difference in hearing thresholds between the 4 
groups defined according to the duration of OME at preschool age and surgical 
treatment decreased when the ears with concurrent OME were excluded. 
However, the difference between the ears treated by a ventilation tube and the -
untreated groups was still considerable, i.e., 3.3 to 4.8 dB (Wilcoxon test, 
75<0.001). Figure 4b suggests that the hearing impairment associated with con­
current OME was related to the previous OME history, with the poorest levels 
found in the surgically-treated ears. The numbers in this analysis were too small 
to reach statistical significance. 
Since the difference in hearing levels at school age between the 4 duration 
groups could not be explained fully by the tympanometric findings at that age, 
the results of otomicroscpy were taken into account. Analysis of the otoscopie 
findings in the same population (of a design similar to that of the present analy­
ses) showed a strong association between the duration of OME at preschool age 
and otomicroscopic abnormalities at 7-8 years of age. Atrophy, tympanosclero­
sis, atelectasis or a localized retraction pocket in the pars tensa, attic retraction, a 
perforation, otorrhoea or signs of OME or AOM were most frequently ob­
served in the surgically-treated ears. In Figure 5a and b the hearing levels are 
shown for the ears with normal and abnormal otomicroscopic findings at school 
age. Abnormal otomicroscopy was defined as the presence of any of the changes 
described above. The ears with a ventilation tube still present were excluded 
from this analysis because structural and functional abnormalities caused by 
ventilation tubes can only be assessed reliably some time after extrusion of the 
tube. The ears with a type В tympanogram at follow-up were also excluded 
from these Figures. In the ears with a normal otomicroscopic appearance and a 
tympanogram other than type B, the hearing levels at school age were no longer 
significantly associated with the duration of OME at preschool age or surgical 
treatment. In the ears with otoscopie abnormalities, hearing levels at school age 
were still related to the preschool OME history and surgical treatment (see 
Figure 5b). A 1.9 to 3.6 dB difference in hearing ability was found between the 
surgically-treated and -untreated ears. 
Bone conduction 
Figure 5a shows that at 8 kHz a considerable difference in hearing between 
the 4 groups remained, despite controlling for a type В tympanogram and 
otoscopie abnormalities. This could be due to differences in bone-conduction 
thresholds related to previous OME. Table 3 shows the bone-conduction levels 
at 8 kHz as a function of preschool OME duration and treatment. Since the 
aim of the present study is mainly to evaluate the long-term effects of OME, 
the ears with tympanometric evidence of OME or a ventilation tube still pre­
sent at school age were excluded. A strong association was found between the 
duration of preschool OME on the one hand (as expressed by the classification 
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"no OME," "transient OME," "persistent OME" and the "VT" group), and 
the bone-conduction threshold at 8 kHz at school age on the other hand Bone-
conduction thresholds at 0 5 to 4 kHz did not differ significantly between the 4 
duration groups At these frequencies more than 97 7% of the ears in each 
group had a bone-conduction threshold of better than 15 dB 
Table 2 Air-conduction thresholds at 7 8 years of age related to the duration of O M E at 
preschool age and surgical treatment Results for right ears 
preschool OME, 
duration groups 
average hearing at 0 5 to 4 kHz 
percentage of group total 
no OME 
transient OMF 
persistent OME 
VT extruded 
VT still present 
и=2бб 
л=269 
л=246 
в= 77 
n= 20 
<15 dB 
97 4 
94 1 
91 0 
714 
85 0 
15 25 dB 
2 6 
5 2 
4 9 
156 
100 
>25 dB 
0 0 
0 7 
4 1 
13 0 
5 0 
Ρ value 
reference 
0 11 
0 001' 
<0 00l ' 
<0 00Γ 
'Fisher s Exact test for transient OME, VT extruded and VT still present as related to no 
OME 
'chi square test for persistent OME as related to no OME 
Table 3 Bone conduction thresholds at 7 8 years of age related to the duration of O M E at 
preschool age and surgical treatment (ears with type В tympanogram excluded) Results for 
right ears 
preschool OME, 
duration groups 
no OME 
transient OME 
persistent OME 
VT extruded 
n=26l 
я=248 
л=214 
n= 62 
<15 dB 
94 3 
90 7 
87 4 
77 4 
bone conduction threshold at 8 kHz 
percentage 
15 25 dB 
5 7 
8 1 
12 1 
17 7 
of group total 
>25 dB 
0 0 
1 2 
0 5 
4 8 
/"-value 
reference 
0 10 
001 
<0 001 
Fishers Exact test for transient OME, persistent OME and VT extruded as related to no 
OME 
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Figure 5. Mean air-conduction thresholds at 7-8 years of age for 4 groups of children classi­
fied according to the duration of OME at preschool age and surgical treatment (ears with 
type В tympanogram at follow-up excluded) 
a. Results for right ears with normal otomicrosocpic findings at follow-up. 
250 500 1000 2000 4000 B000 Hz 
• no OME n=223 
" transient OME n=191 
-S persistent OME n=128 
» V T extruded n=7 
dBHL 100. 
Notes: 
1. Average air-conduction thresholds at 0.5 to 4 kHz (and associated standard deviations) for 
the 4 groups: 4.6 (3.0), 4.9 (3.2), 5.1 (3.5) and 6.3 (3.6) dB 
2. Wilcoxon tests for "transient OME," "persistent OME" and "VT extruded" as related to 
"no OME:" /"=0.57, /"=0.28 and Я-О.ЗЗ respectively 
b. Results for right ears with otomicroscopic abnormalities at follow-up. 
4000 8000 Hz 250 500 1000 2000 
• по ОМЕ п=41 
• transient OME n»68 
î persistent OME n-90 
* VT extruded n«5€ 
dBHL 100. 
Notes: 
1. Average air-conduction thresholds at 0.5 to 4 kHz (and associated standard deviations) for 
the 4 groups: 6.7 (5.3), 7.5 (4.5), 8.4 (4.9) and 10.3 (8.1) dB 
2. Wilcoxon tests for "transient OME," "persistent OME" and "VT extruded" as related to 
"no ОМЕ:" У=0.21, У=0.03 and P=0.008 respectively 
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Acute otitis media 
The influence of episodes of acute otitis media (AOM) on hearing levels was 
investigated by means of a separate analysis for ears with a positive history of 
AOM up to 8 years of age and those with a negative AOM history. Information 
on the AOM history of the children was obtained from questionnaires that 
were available for the periods 0-2 years, 2-4 years and 4-8 years. The AOM 
history was considered positive when children had experienced otalgia or otor-
rhoea resulting in the medical diagnosis of AOM in any of these 3 periods. Up 
to 8 years of age far more surgically-treated ears had suffered from acute epi­
sodes of otitis media than had the ears from the "persistent OME" group, i.e., 
86% versus 56% (χ2=18.3; df=l; /><0.0001). For the "transient OME" and "no 
OME" group these percentages were 54 and 45. Within all 4 groups from 
Figure 4a and Table 3 the air-conduction thresholds and bone-conduction 
threshold at 8 kHz of the ears with a positive AOM history did not differ sig­
nificantly from those with a negative AOM history. 
DISCUSSION 
This study shows that the hearing ability at speech frequencies of a cohort of 
7-8-year-olds is a reflection of their concurrent middle-ear function and of 
structural abnormalities of the tympanic membrane related to early OME and 
treatment by ventilation tubes. At 8 kHz, a detrimental effect of early OME on 
bone-conduction thresholds is suggested. Despite the very high cumulative in­
cidence of OME at preschool age in this population (80%),2 3 the adverse effects 
on hearing in the long term appear to be restricted to the ears with a history of 
persistent OME. 
Some of the limitations of other studies of the consequences of OME on 
hearing in both the short and long term are overcome by the present study 
through the use of large numbers of unselected children of a small age range 
and old enough to co-operate with conventional pure-tone audiometry. It must 
be emphasized, however, that as a consequence of the fluctuant character of 
OME and the observational design of the study it is difficult to construct uni­
form groups for comparison and distinguish the effects of the disease from those 
of treatment. Although the children from the "persistent OME" and 
"ventilation tube" groups were found to be equally affected by OME at pre­
school age, their history of middle-ear disease (both OME and AOM) from age 
4 to 8 indicates that up to the age of 8 the surgically-treated children were those 
most affected by middle-ear disease. For this reason, this study will not allow 
conclusions concerning the effects of treatment with ventilation tubes. 
Tympanometry 
Preschool tympanometry proved to be predictive of middle-ear function at 
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school age as it was far more likely for a child with persistent OME at preschool 
age to have a type C2 or type В tympanogram at school age than for a child 
with a negative or transient OME history to have these. The distribution of 
tympanogram types among the entire population of 7-8-year-olds was very 
similar to that found in equally old children in Denmark2 8 and New 
Zealand.29 No other long-term longitudinal analyses of the course of OME in 
preschool and school children are available for comparison. 
Audiometry in different tympanogram types 
The present data on hearing levels associated with various degrees of middle-
ear dysfunction are approximately 5 dB better than those reported on clinical 
cases.
1
"
6
·
8
 Clinical samples are likely to represent a more selected population 
with more adverse middle-ear conditions and poorer hearing than the present 
unselected population. As expected, the hearing levels reported by Chalmers et 
al? on their population of 7-year-olds are more in agreement with the present 
findings. 
The suggestion that hearing levels associated with a type В tympanogram 
were related to the previous OME history (see Figure 4b, note not statistically 
significant) was not found by Fria et alß 
Long-term hearing 
The overall hearing results as presented in Table 2, are strongly affected by 
the high prevalence of concurrent OME, in particular in the "VT extruded" 
group. Therefore, the present results can be expected to be poorer than the 
hearing levels 1 to 8 years after ventilation tube insertion reported by Tos,30 
Barfoed31 and Sederberg Olsen.32 They found prevalences of active OME of 
2% or less, and hearing levels of 20 dB or better, in more than 93% of the 
surgically-treated ears. After exclusion of ears with a type В tympanogram at the 
follow-up examination, the present hearing results of surgically-treated ears are 
in agreement with previous reports (95.2% hearing <25 dB). 
As demonstrated by Figure 5, hearing levels at school age are also negatively 
affected by abnormalities of the tympanic membrane that are related to early 
OME and treatment by ventilation tubes. In the present study the decrease in 
hearing ability related to otoscopie abnormalities was 2.1 to 4.0 dB (see Figure 
5a and b). This is a more substantial loss than the 1.7 dB reported by Feiding et 
а >Ъ in their population-based study of 9-year-olds, and the 1.8 dB reported by 
Lildholdt4 in his clinical study. 
Within the ears with abnormal otoscopie findings there was a difference in 
hearing ability of 1.9 to 3.6 dB between the surgically-treated and -untreated 
ears (Figure 5b). This is probably largely due to the finding that in the present 
population the ears treated by a ventilation tube often showed more extensive or 
multiple otoscopie abnormalities. Barfoed31 and Tos 3 4 stated previously that 
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hearing levels were particularly affected in ears with multiple or widespread 
changes of the tympanic membrane. Contrary to the findings cited above, 
Brown3 and Skinner,35 found no statistical difference in hearing between 
surgically-treated and -untreated ears at 5 and 15 year follow-up despite 
considerable differences in the occurrence of otopathologic sequelae. 
Sensorineural hearing losses 
Several descriptions of sensorineural hearing losses associated with OME 
have been published over the last 15 years.14-22 Improvement of bone-conduc-
tion thresholds at 0.5-4 kHz has been reported to occur in 36-100%14"16 '20·22 
of patients after treatment of OME. Other investigations2·''·30 have reported 
normal bone-conduction thresholds up to 4 kHz in clinical cases with OME. In 
his cohorts of otherwise healthy children Tos36 did not find children with sen-
sorineural hearing losses, despite the high prevalences of OME. High-frequency 
bone-conduction thresholds (8-18 kHz) were measured by Löppönen et al.2^ in 
children who had been treated with ventilation tubes for OME. The OME 
group showed poorer thresholds than the control group of children with a 
negative OME history did. 
In the present population OME at preschool age (both surgically-treated as 
well as -untreated) was associated with a bone-conduction loss at 8 kHz at 
school age. This suggests that OME can be damaging to the function of the 
cochlea. However, bone-conduction levels are difficult to interpret, particularly 
when they are associated with conductive losses.36,37 TV15 complicates the dis-
cussion about the basis for the bone-conduction effects found in the present 
population. Several mechanisms by which cochlear dysfunction develops in as-
sociation with OME have been described.22 By our study design we cannot 
determine whether the bone-conduction loss at 8 kHz that is most prominent 
in the surgically-treated ears is a result of persistent middle-ear effusion, re-
peated acute infections or noise-exposure during ventilation tube placement. 
CONCLUSION 
In conclusion, in a population of Dutch school children a strong association 
is found between OME at preschool age and hearing levels at school age. 
Hearing loss at school age is caused predominantly by the actual presence of 
middle-ear effusion, and to a lesser degree by abnormalities of the tympanic 
membrane related to early OME and surgical treatment. The adverse effects of 
early OME are limited to a relatively small group of children and in general are 
of limited magnitude. Poorest hearing is found in the children diseased most 
severely, that is those with multiple recurrent or persistent episodes of OME 
that required surgical therapy. 
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ABSTRACT 
The relationship between otitis media with effusion (OME) at preschool age 
and performance on five tests of auditory perception was studied in 89 school-
age children who had OME histories well documented from participation in 
serial screening for OME at 2 to 4 years of age. The tests used at 7'/г-8 years of 
age were: speech-in-noise, filtered speech, binaural fusion, dichotic speech and 
auditory memory. A small but significant effect of preschool OME was found 
on the speech-in-noise test. No additional effects were demonstrated by this 
particular group of children. 
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INTRODUCTION 
The adverse effects of otitis media with effusion (OME) on linguistic and 
cognitive development and educational attainment are generally attributed to 
the conductive hearing loss associated with OME. Leaving aside the possible 
influence of non-auditory factors, there are two lines of thought concerning 
how these effects might be mediated (Haggard & Hughes, 1991): (1) by the in-
completely induced maturation, and therefore permanent dysfunction, of the 
central auditory system resulting from early auditory deprivation and (2) not by 
a permanent auditory effect, but by a shortfall of auditory input affecting con-
current language development and with only subtle, if any, long-term language 
sequelae. The present work is directed at the first probability. 
Various tests have been applied to study different aspects of central auditory 
and linguistic-cognitive function. Welsh, Welsh and Healy (1983) demon-
strated that 75% of the children with a past history of middle-ear disease failed 
at least one segment of the battery of central auditory tests introduced by 
Willeford (Willeford 8c Billger, 1977). Therefore, they called for an aggressive 
approach in treatment of early conductive losses due to middle-ear disease. In 
several studies (Brandes &C Ehinger, 1981; Jerger, Jerger, Alford & Lewis, 1983; 
Gravel & Wallace, 1992) it was demonstrated that children with histories of 
otitis media performed more poorly when listening to speech in competitive 
conditions than did otitis-free controls. In these studies speech intelligibility in 
quiet was normal for both outis-positive and negative children. Regarding gen-
eral language measures, these authors found opposite results. Pillsbury, Grose 
and Hall III (1991) and Moore, Hutchings and Meyer (1991) found abnor-
mally small masking level differences (MLD), a test of binaural hearing in noise, 
in children with OME. After treatment with ventilation tubes, Pillsbury et al. 
(1991) found a trend for the MLD to improve. They suggested that by consid-
ering only the audiologic threshold data, the hearing disability associated with 
OME could be underestimated. On the other hand, Hoffman-Lawless, Keith 
and Cotton (1981) found only a negative effect of OME on the low-pass fil-
tered speech test out of 5 tests of auditory processing abilities. This effect, pre-
sent in 7-year-olds, was no longer found in 9-year-olds. They concluded that 
well-managed OME appears to have no permanent implications for auditory 
language learning. Webster, Bamford, Thyer and Ayles (1989) came to a simi-
lar conclusion, as they could not demonstrate any significant differences be-
tween performance of children with a history of recurrent early OME and 
normal controls on several auditory, psychological and educational measures. 
Apparently, evidence of deficits in auditory perception after early OME is 
not conclusive. Small sample size and selection of subjects and controls based on 
retrospective and sometimes ill-defined information contributes to these in-
consistent findings. No studies into the long-term effect of OME on auditory 
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perceptual skills in large numbers of unselected children are available thus far. 
The present study addresses the effect of OME at preschool age on auditory 
perceptual skills at school age in a prospective study design. It aims to overcome 
problems of selection bias by testing 7'/2-8-year-old children that had OME 
histories well documented from participation in serial screening for OME at 2 
to 4 years of age. A test battery in Dutch, based on Willeford's (1977) and 
Keith's (Keith, Rudy, Donahue &c Katbamna, 1989) tests of auditory percep­
tion was used. Five tests of auditory perception were included; speech-in-noise, 
low-pass filtered speech, binaural fusion, dichotic speech and auditory memory. 
SUBJECTS 
A birth cohort of 1439 children born in the city of Nijmegen, the 
Netherlands, between 1 September 1982 and 31 August 1983 formed the basis 
of this study. Of these, 1328 participated in a serial screening study of OME, 
receiving tympanometry every three months from the ages of 2 to 4 years 
(Zielhuis, Rach &C van den Broek, 1989). A Grason Stadler-27 screening tym-
panometer was used for the tympanometric measurements. The tympanometric 
results were classified according to the definitions of Jerger (1970). Only a type 
В tympanogram, i.e. compliance <0.2 ml or pressure <-400 daPa, was 
considered as evidence of OME. In the presence of a patent ventilation tube, 
the tympanogram was coded as missing. Reproducibility and validity of this 
method of screening have been tested in pilot studies (Zielhuis et al, 1989). 
At 7'/2-8 years of age these children were invited to participate in a follow-up 
study at the Department of Otolaryngology, University of Nijmegen. The fol­
low-up examination comprised a detailed ENT and developmental history of 
ages 4 to 8, tympanometry, pure-tone audiometry at the frequencies 0.25-8 
kHz and otomicroscopy. Of the participating children who (a) never showed a 
type В tympanogram on either ear at preschool age or (b) showed persistent bi­
lateral type В tympanograms at preschool age (a+b=395 children), 89 children 
were invited to participate in the present study. Children were recruited ran­
domly - subject to parents' agreement and availability at arbitrarily fixed testing 
dates. Children with missing data on more than three preschool screens and 
children with an average pure-tone hearing loss (at 0.5, 1 and 2 kHz) of 20 dB 
or more on either ear at follow-up were excluded from participation. 
METHODS 
Non-verbal intelligence 
A Dutch version of the Coloured Progressive Matrices test (Bon van, 1986) 
was used to measure non-verbal intelligence. Raw scores were recorded. 
Pure-tone audiometry 
Pure-tone audiometry was conducted in a sound-treated room using an 
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Interacoustics Clinical Audiometer (model AC5) and T D H 39P earphones 
calibrated according to ISO 389 (1987). Air-conduction thresholds were de­
termined in 5 dB steps at the frequencies 0.5, 1, and 2 kHz. The average air-
conduction level at these frequencies, the pure-tone average (PTA), was calcu­
lated for each ear. 
Tests of auditory perception 
All speech recognition tests were recorded on professional quality tape. The 
speech circuit of the audiometer (see above) was calibrated as described by 
Wilber (1985). Calibration of the speech tests was accomplished by adjusting 
the input level so that the frequent peaks of the speech signals reached 0 dB on 
the VU meter of the audiometer. To compensate for any mild hearing loss, 
speech was presented at a comfortable listening level of 60 dB above PTA 
threshold in all tests. 
Testing was carried out by a trained audiologist blinded to the child's OME 
history. The tests were administered in a fixed order: pure-tone audiometry, 
speech-in-noise, low-pass filtered speech, binaural fusion, auditory memory and 
dichotic speech test. Total testing time was 40 to 45 minutes, including in­
struction and practice runs preceeding each test. If the child's attention was 
considered to be inadequate, a short play interval was introduced before con­
tinuing the test session. According to the audiologist, all tests were completed 
by the children with an adequate level of attention. 
Monaural tests 
Standard Dutch phoneme balanced (PB) lists consisting of ten monosylla­
bles suitable for children of б years of age and older were used. The speech-rec-
ognition-in-noise score was determined by presenting selected lists of mono­
syllables together with the speech-noise as produced by the audiometer (see 
Appendix). The speech-to-noise ratio was +5 dB. For the filtered speech test, 
selected monosyllable lists (see Appendix) were low-pass filtered (using a Briiel 
& Kjaer 2121) with a cut-off frequency of 1 kHz and a slope of 24 dB per oc­
tave. For both tests, phoneme scores (%-correct) were recorded for each ear. 
Binaural Tests 
For the binaural fusion test, standard Dutch PB lists were band-pass filtered 
(using a Briiel & Kjaer 2121) in two ways; one band with a central frequency of 
0.4 kHz and octave selectivity of 30 dB and another band with a central 
frequency of 2 kHz and octave selectivity of 45 dB. Similar filtering had been 
applied by Pot and Verschuure (1975) to a Dutch binaural fusion test. The 
procedure in the present study was as follows: the low-frequency band was 
presented to one ear and the high-frequency band to the other. After a practice 
run of ten monosyllables the phoneme score was recorded for one list. The 
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bands were then swapped to the other ears and a second list of ten monosylla­
bles was scored. T h e average phoneme score (%-correct) of both presentations 
was calculated. 
For the dichotic speech test, a Dutch test developed by Eling (1983) was 
used. Series of 2x3 monosyllable words with simultaneous onset times were pre­
sented dichotically. Scoring for 6 series of 6 words was started after a practice 
run of two series. A percentage word score was recorded for each ear. 
Auditory memory 
Auditory memory was tested by a live-spoken presentation of the sentence 
test from the WPPSI (Stinissen &C Vander Steene, 1981) and the sequential 
digit test from the WISC-R (1986). Raw scores were recorded. 
Analysis and statistical methods 
For systematic analysis and presentation of the data the children were 
grouped according to the duration of bilateral O M E at preschool age, i.e., the 
percentage of bilateral type В tympanograms out of all available rympanograms 
at preschool age. Three groups were distinguished: 
• 29 children that did not show a type В rympanogram on either ear at any occasion 
at preschool age, the so-called "no OME" group, 
• 36 children that showed bilateral type В tympanograms in 22-50% of all available 
tympanograms, the so-called "persistent OME" group, and 
• 24 children that showed bilateral type В tympanograms in more than 50% of all 
available tympanograms, the so-called "very persistent OME" group. 
T h e analyses were aimed at detecting differences in test scores between these 
three groups of children. Wilcoxon tests and Kruskal-Wallis K-sample tests 
were used to test for statistical significance of differences in means. An analysis 
of covariance was performed with (a) the following independent factors: dura­
tion of O M E at preschool age (three levels), treatment with ventilation tubes, 
O M E history at 4 to 8 years of age, sex, parental educational level, speech ther­
apy and/or remedial teaching, (b) non-verbal intelligence as a covariate, and (c) 
auditory perception tests at school age as dependent variables. 
RESULTS 
Population characteristics 
Some general characteristics of the study population are presented in Table 
1. Sex tatio, mean parental education level and non-verbal intelligence did not 
differ significantly for the three study groups. Mean age at the time of testing 
varied slightly. 
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Table 1. General characteristics. Means for 3 study groups (SD). 
OME history 
at preschool age 
no OME 
persistent OME 
very persistent OME 
total 
η 
29 
36 
24 
89 
sex ratio 
m/f 
13/16 
23/13 
11/13 
47/42 
age 
months 
96(3) 
95(3) 
98 (3)" 
96(3) 
education level 
father' 
5(3) 
5(3) 
6(3) 
5(3) 
non-verbal 
intelligence score' 
25.1 (4.0) 
25.1 (3.6) 
24.9 (4.6) 
25.0 (4.0) 
'Coloured Progressive Matrices test 
'education level 5-6: up through secondary school 
Kruskal-Wallis tests for all 3 groups: '/MJ.OOl, otherwise not significant 
Tests of auditory function 
The PTA hearing level and auditory test scores at school age as related to the 
persistence of OME at preschool age are presented in Table 2. 
As shown previously (Schilder, Zielhuis, Straatman &C van den Broek, 1993) 
hearing thresholds at school age were significantly related to the preschool 
OME history. The scores of the speech-in-noise, filtered-speech and binaural 
fusion test showed a trend according to the hypothesis that early persistent 
OME has an adverse effect on auditory perception. This effect was, however, 
not statistically significant. Only the children who showed bilateral type В rym-
panograms on more than half of the preschool screenings (the "very persistent 
OME" group) scored significantly lower (4.5%) on the speech-in-noise test 
than the children with a completely negative OME history (Wilcoxon test, 
P=0.03). 
This effect was further evaluated by an analysis of covariance (see methods 
section for factors and covariates used) which showed a significant influence of 
the OME history at 4-8 years (questionnaire-based data) on the speech-in-noise 
score. The OME history at 4-8 years, i.e., between the end of the screening at 
preschool age and follow-up at school age, was considered positive if hearing 
loss was suspected by the parents or at school, leading to an audiometrically 
confirmed hearing loss or an otoscopie diagnosis of OME. In Table 3, the rela­
tionship between OME at 2-4 years, OME at 4-8 years and the speech-in-noise 
test is cross-tabulated. 
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It appeared that in 
children with a negative 
OME history at ages 4-
8, persistent OME at 
preschool age was not 
associated with poor 
speech-in-noise percep­
tion at school age. In 
children, however, who 
suffered from OME 
both at preschool age 
and thereafter, an effect 
on this test was found. 
This effect was only 
significant in the "very 
persistent OME" group. 
For each auditory 
perception test the dis­
tribution of the 10% 
lowest scoring children 
across the groups with 
no, persistent and very 
persistent OME at pre­
school age was studied 
as well A trend for the 
worst speech-in-noise 
and binaural fusion test 
scores was evident in the 
children most affected 
by OME in the past, but 
this was not statistically 
significant (Fisher's ex­
act test) For all other 
tests, no association be­
tween preschool OME 
and auditory test scores 
could be established in 
this analysis. 
2 
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Ancillary tests 
Several ancillary tests were done to assess the validity of measures and their 
ability to reflect differences of the type sought. The intercorrelation of the PTA 
hearing level and various test scores are presented in Table A (Appendix). The 
wide variation in the correlation co-efficients reflects the different aspects of 
auditory function addressed by the tests. 
Table 3. Mean speech-in-noise score (SD) at 7!¿-8 years of age related to persistence of OME 
at 2-4 years and 4-8 years. Average values right and left ears. 
OME history 2-4 years OME history 4-8 years π 
28 
I 
9 
27 
11 
13 
speech-in-noise 
%-correct 
80.5 
82 
82.8 
78.7 
80.2 
72.5 
(6.2) 
(11.1) 
(5.0)· 
(5.9) 
(8.7)' 
no OME 
persistent OME 
very persistent OME 
negative 
positive 
negative 
positive 
negative 
positive 
Wilcoxon tests for subgroups with a negative OME history at 4-8 years versus those with a positive 
history: 'P=0A3, eP<0.05 
Test scores for right and left ears separately can be found in Table В 
(Appendix). In accordance with previous studies (Musiek, Geurkink & Kietel, 
1982) the score for the dichotic speech test was significantly better for the right 
ear than for the left ear: about 6% (paired t test, /><0.05). For the PTA and 
other auditory perception tests, no significant interaural differences were found. 
The mean duration score of preschool OME (percentage of type В tympan-
ograms out of all available tympanograms at preschool age) was 5% higher for 
left ears than for right ears (paired ¿test, P=0.05). 
Finally, the interaural correlations in Table В (Appendix) provide an indi­
cation of reliability; this appears to be adequate. 
Ventilation tubes 
The effect of treatment with ventilation tubes on pure-tone hearing thresh­
olds and auditory perception in OME children is demonstrated in Table 4. 
Mean PTA hearing levels and auditory test scores were calculated for chil­
dren with persistent OME at preschool age who had been treated with ventila­
tion tubes and for those who were not surgically treated. Because of the small 
size of the group, the age at ventilation tube insertion was not taken into ac-
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count. Nineteen children 
from the "persistent OME" 
group and eight children 
from the "very persistent 
OME" group were treated 
with ventilation tubes. 
There was no consistent 
effect of surgical treatment 
on the test sores at school 
age (Wilcoxon test). 
Speech therapy and remedial 
teaching 
Four children from the 
"no OME" group as op­
posed to twelve children 
from the "persistent OME" 
and five from the "very 
persistent OME" group had 
received speech therapy or 
remedial teaching (χ 2 =3.5; 
df=2; /»=0.17). Children 
who had received either of 
these support trainings 
showed poorer performance 
on the auditory memory test 
for sentences than those 
who had received no such 
training (mean test score 
21.1 versus 24.8, Wilcoxon 
test, T^O.005). No relation 
between the other auditory 
perception test scores at 
school age and speech ther­
apy or remedial teaching 
was found. 
Analysis ofcovariance 
As expected, the analysis 
ofcovariance showed (1) an 
effect of the OME history at 
4 to 8 years on the speech-
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in-noise test (see above), (2) an effect of speech therapy and/or remedial 
teaching on the auditory memory test for sentences (see above), and (3) an 
effect of the Coloured Progressive Matrices test score on both auditory memory 
tests. No other factor used in this analysis showed a significant effect on either 
of the auditory perception test scores. Thus, confounding does not seem an 
important issue in this study. 
DISCUSSION 
This study shows that in a non-selected population, persistent OME at pre­
school age had a small but significant effect on speech-in-noise performance at 
school age. No additional effects on other tests of auditory perception were 
found. 
The present study is the only prospective one thus far which investigates 
auditory perceptive skills in large numbers of unselected children with well 
documented OME histories. In most previous studies using similar test proce­
dures (Brandes & Ehinger, 1981; Hoffman-Lawless et αι., 1981; Jerger et αι., 
1983; Welsh étal., 1983; Webster étal., 1989; Pillsbury étal., 1991), cases and 
controls were selected on the basis of retrospectively collected OME data and 
therefore subject to recruitment biases. The current data might therefore give a 
more reliable impression of the association between OME and some aspects of 
auditory perception at school age. 
One explanation for failing to show an effect of preschool OME on a 
broader range of auditory perception tests involves the general characteristics of 
this population. In modern Dutch society, medical care, education and other 
elements of social welfare are of a high standard and readily accessible to all in-
habitants. In these circumstances children with middle-ear disease are likely to 
receive medical intervention, initially consisting of decongestant nose drops or 
mucolytics (antibiotics are rarely prescribed for OME). When middle-ear effu-
sion and hearing loss persist after a period of 2-3 months, children are usually 
treated by ventilation tubes. All children of the present population have at-
tended primary school from the age of 4 and will have received educational in-
tervention when necessary. These factors may have obscured some effects of 
OME which could well surface in less-privileged societies. 
The present study may, however, be criticized on two points: (1) not having 
focussed on the most sensitive period of auditory maturation, and (2) lack of 
information on hearing levels at preschool age. Regarding the first issue, despite 
the fact that there are many unsolved questions about a critical period in 
auditory development in man, the first years of life seem to be very important 
for the development of auditory perceptual skills (Ruben, 1986). In the present 
study, children were classified in various OME groups on the basis of tym-
panometric data collected between 2 and 4 years of age. Because detailed in-
formation about the occurrence of OME prior to the age of 2 in these children 
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was not available, this study does not permit conclusions about the effects of 
OME in the first two years of life. However, in a previous study of the same 
birth cohort it was demonstrated that the results of the community screen with 
the Ewing distraction test at 9 months were associated with the tympanometric 
profile at 2-4 years of age (Zielhuis, Bootsma-Knippenbergh, Groenendijk-
Bemelmans &C van den Broek, 1989). Although the Ewing screen does not 
provide information about the presence of middle-ear effusion, the fact that 
OME is the most common cause of hearing loss at 9 monhts of age, suggests 
that children affected by OME at preschool age may have been affected by this 
condition at an earlier age as well. Furthermore, language testing at 2-4 years of 
age of the most severely affected children from the same birth cohort showed 
that OME had a significant effect on the verbal expression score of the Reynell 
test (Rach, Zielhuis & van den Broek, 1988). Apparently, OME after the first 
two years of life is also important for language acquisition. 
In respect of the second issue, auditory peception and language development 
are assumed to be affected by the conductive hearing loss associated with OME 
rather than persistence of middle-ear effusion itself. As measuring pure-tone 
thresholds serially in our population of 1439 preschoolers was not feasible, it 
was decided to use tympanometry as an indicator of hearing acuity. No data on 
hearing levels associated with various degrees of middle-ear dysfunction are 
available for the preschool period of this study, but at follow-up at 7¥i-S years 
of age a strong association between tympanogram type and pure-tone hearing 
levels was found (Schilder et al., 1993). The average hearing loss (PTA) associ-
ated with a type В tympanogram was approximately 20 dB. 
The only auditory perception test that showed a small, but significant effect 
of persistent OME was the speech-in-noise test. Table 3 suggests that children 
who suffered from OME at preschool age but who were free from this condi­
tion at a later age were able to compensate for early auditory deprivation. Those 
children, however, who experienced OME most persistently up to the age of 8 
years showed a marked deficit in speech recognition in a situation of back­
ground competition. This indicates that maturation of this aspect of auditory 
function continues after the age of 4. Jerger, Jerger, and Lewis (1981) came to a 
similar conclusion in their study of development of speech perception in com­
petitive conditions in children. 
Recently, the relationship between speech recognition and early conductive 
hearing loss was studied in patients successfully operated for unilateral congeni­
tal ear anomalies (Snik, Teunissen & Cremers, 1992). Despite normal speech-
in-quiet performance, speech recognition-in-noise in the operated ears remained 
below the level of the normal contralateral ears. This difference was smaller for 
a filtered speech test. Apparently, speech recognition in background competi­
tion is the task most sensitive to auditory deprivation. This is supported by the 
findings of previous studies of auditory perceptual ability in children (Brandes 
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& Ehinger, 1981; Jerger et al., 1983; Moore et al, 1991; Pillsbury etat., 1991; 
Gravel & Wallace, 1992) which have demonstrated performance on competi­
tive listening tasks to be most consistently affected by OME. 
Finally, in a previous study on children recruited from the Nijmegen birth 
cohort, a relationship was found between OME at preschool age and language 
development at that age (Rach et al., 1989). As in some other longitudinal 
studies of broader linguistic and educational outcome measures in OME (Lous, 
Fiellau-Nikolajsen & Jeppesen, 1988; Roberts, Burchinal, Davis, Collier & 
Henderson, 1991), this relationship was no longer evident at school age 
(Schilder, van Manen, Zielhuis, Grievink, Peters & van den Broek, 1993). 
These findings support the theory developed by Feagans (1986) that children 
may recover their basic language skills when otitis media becomes less frequent 
in later years. However, the habit of not attending to speech, especially in situ­
ations of background noise, as is substantiated by the results of the speech-in-
noise test, may remain after hearing has returned to normal. 
APPENDIX 
The PB lists for the speech-in-noise and filtered speech tests were selected in 
a pilot experiment from a set of fourteen different lists of ten monosyllables, 
each of which belong to the vocabulary of б-уеаг-olds. The fourteen different 
lists of ten monosyllables that were available were presented to five normal 
hearing adults both in noise and filtered conditions as described in the methods 
section. The phoneme scores thus obtained were averaged across subjects, ex­
cluding the five lists with the highest and the five with the lowest scores. The 
four lists left gave balanced pairs by combining the list with the highest speech-
in-noise or filtered speech score with the appropriate list with the lowest score. 
The same list was never applied in both tests. The test procedure on the chil­
dren made use of a practice run of ten monosyllables on the right ear, after 
which four lists (two balanced pairs of lists) were presented on the ABBA prin­
ciple. Half of the children were started with the right ear, the other half with 
the left ear. This procedure excluded bias of the outcome variables by differ­
ences in the level of difficulty of the monosyllable lists used and minimized 
learning effects. 
The choice of the monosyllable lists for the binaural test was based on a 
similar pilot experiment as described for the two previous tests. Out of the 
fourteen monosyllable lists available, two lists with a phoneme score nearest to 
the mean of all lists were administered to the children. 
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Appendix 
Tabic A. Spearman correlation co efficients for pure-tone average hearing level (PTA) and 
auditory test scores (average scores right and left ear) я=89 
PTA 
speech-in noise 
filtered speech 
binaural fusion 
dichonc speech 
auditory memory sentences 
speech in 
noise 
0 10 
filtered 
speech 
0 08 
0 33' 
binaural 
fusion 
0 05 
0 27' 
0 32' 
dichonc 
speech 
0 03 
0 02 
0 26' 
0 2 1 ' 
auditory ι 
sentences 
0 17 
001 
0 12 
0 04 
0 2 1 ' 
memory 
digits 
0 06 
0 04 
0 10 
0 02 
0 09 
0 56* 
'P<0 05, *?<0 001, otherwise not significant 
Table B. Pure-tone average hearing level (PTA) and auditory test scores at 7'λ-6 years of age 
Means for right and left ears separately (SD) and Spearman correlation co-efficients for right 
and left ears я=89 
tight ι left, 
PTA dB 
speech-in-noise % correct 
filteted speech % correct 
dichonc speech % correct 
7 2 (4 1) 
78 3 (8 4) 
78 8 (6 6) 
64 8 (15 1) 
8 1 (4 6) 
79 1 (8 2) 
78 5 (8 9) 
59 2 (17 5) 
0 60' 
0 49' 
0 28* 
0 49' 
*P=0 007, V<0 001 
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LONG-TERM EFFECTS OF 
OTITIS MEDIA WITH EFFUSION 
ON LANGUAGE, READING 
AND SPELLING 
ABSTRACT 
The long-term effects of early otitis media with effusion (OME) on 
language and educational attainment were studied in 47 children of 7-8 years 
of age who had participated in an earlier preschool study1 on OME and 
language development. At preschool age OME was diagnosed by quarterly 
tympanometric screens (maximum nine) and language was assessed by a 
standard Reynell test. At school age the ears of the children were assessed by 
otomicroscopy, tympanometry and audiometry, and the developmental status 
by several language, reading and spelling tests. The association between early 
OME and language development found at preschool age was no longer present 
at school age. 
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INTRODUCTION 
Otitis media with effusion (OME) is one of the most common diseases in 
early childhood and is usually associated with a mild to moderate conductive 
hearing loss.2^ This hearing loss, occurring in a period during which the child 
learns to understand and reproduce language, is suggested to be responsible for 
adverse effects on language development. As learning to read and spell are de­
pendent on language development,5'6 educational problems could also be ex­
pected to arise. The aim of treatment with ventilation tubes is to restore hear­
ing to a normal level and to prevent these potential developmental problems. 
It is well known that severe hearing impairment affects the acquisition of 
language and educational skills. However, it is less obvious whether a mild to 
moderate hearing loss is associated with the same developmental difficulties7 
and if so, whether these effects are reversible. Several theories have been pro­
posed regarding the relationship between sensory input and cognitive devel­
opment.8 One of these states that all sensory input is passively imprinted on 
the child's mind and the child takes in only what is presented. In this theory, 
any auditory deprivation may have a negative impact on language and educa­
tional development. A dose-response relationship with irreversible effects is 
assumed. Another more recent theory states that children can select organized 
aspects from the diversity of sensory information and actively seek to interact 
with their environment to develop their capacities. By playing an active role in 
their own development children may be able to overcome or to compensate for 
a situation in which the usual auditory input is degraded. Thus, the negative 
effects of OME can be expected to occur mainly in children who are also de­
prived of other stimuli, such as in a poor socio-economic environment or in 
children with inferior cognitive capacities.9 In this theory, a developmental 
delay should be reversible, if necessary with the help of speech therapy or re­
medial teaching. 
Numerous empirical studies of the effects of OME on language develop­
ment and educational achievement have been published. Some of these found 
evidence for an adverse effect of OME on developmental measures.^·1 0 1 5 
whilst others did not. 1 6 " 2 1 Roberts et al.20 recently reviewed the methodologi­
cal and interacting factors contributing to these conflicting results. As yet, few 
longitudinal studies of the long-term developmental effects of OME have been 
conducted.3-14,17,18,20 y
n e
 influence of treatment with ventilation tubes on 
this relationship did not form a part of these studies. 
The purpose of the present study is to evaluate the long-term effects of 
early OME on language and educational attainment in a population of school-
aged children who had participated in an earlier preschool trial of surgical 
treatment of О М Е Л 2 2 The trial showed that children with persistent OME at 
preschool age showed poorer expressive language levels at that age than chil-
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dren without OME. Regarding receptive language scores, the difference be-
tween these groups of children was smaller and not statistically significant. The 
effect of treatment with ventilation tubes was small and also insignificant. In 
the present study the same children were re-evaluated at the age of 7-8 by sev-
eral language and educational measures and an otologic examination. In this 
way, it could be established whether the effects of OME on language found at 
preschool age were permanent or whether the children were able to catch up 
with their OME-free peers when older. 
SUBJECTS AND METHODS 
Study Population 
The children studied originated from a birth cohort of 1439 children born 
in Nijmegen, the Netherlands, between 1 September 1982 and 31 August 
1983.22 From the ages of 2 to 4, 1328 of these children were screened for 
OME by tympanometry at 3-monthly intervals (maximum nine measure-
ments). 
Preschool trial 
Children with bilateral flat tympanograms on at least two successive screens 
at any time in the screening period were referred by their general practitioner 
to the otolaryngology clinic. If the diagnosis of bilateral OME was confirmed 
by the otolaryngologist by otomicroscopy, the child was eligible for participa-
tion in a trial to measure the effects of treatment with ventilation tubes. 
Children who had no exclusion criteria1 and for whom informed consent was 
obtained were divided into two groups: in one group, they were treated by 
ventilation tubes; in the other they received no treatment. Using a randomized 
balanced allocation procedure, the groups were composed with a similar distri-
bution as to important determinants such as age, gender, treating hospital and 
linguistic performance at the start of the trial. A control group of children who 
at no time showed tympanometric evidence of OME were selected from the 
original cohort. These children were individually matched with the treatment 
group according to age, gender and educational level of the mother. Both be-
fore group allocation and 6 months afterwards, all children were tested for lan-
guage development by means of a Dutch version of the Reynell comprehension 
and expression test (RDLS-r).2^ 
Follow-up 
At the age of 7-8 years all children who had participated in the preschool 
trial were invited for a follow-up study. The examinations took place between 
September 1990 and February 1991 at the Department of Otorhinolaryng-
ology of the Nijmegen University Hospital. Language ability and educational 
attainment were assessed by eight tests. The "Coloured Progressive Matrices" 
OME and Language Development 87 
test (CPM)2^ was administered to test non-verbal intelligence. Raw scores were 
recorded. The children were tested individually in a silent room by one of two 
experienced educational psychologists (S.A.F.P. or E.H.G.) who were unaware 
of the OME history of the children. Furthermore, the otologic status of all 
children was assessed by otomicroscopy, tympanometry and pure-tone 
audiometry. The history of ENT diseases and treatment from the ages of 4 to 
8 was recorded by means of a standard questionnaire. 
Language measures at follow-up 
Two sub-tests from the Dutch "Language Tests for Children"2 ' were used 
to test the children's general language ability: the "Word Forms Production" 
test (WFP) and the "Concealed Meaning" test (CM). The first is a morpho-
logical test of expressive language skills and addresses knowledge of irregular 
word forms. It contrasts with the second test, which is receptive in nature, and 
focuses on the child's understanding of the nonexplicit content of sentences. In 
both tests the total number of correct choices was counted. 
Three tests of phonological ability were used: a "Phonemic Segmentation" 
test (PS), a "Sound Blending" test (SB) and an "Auditory Discrimination" test 
(AD).26 In the PS-test the children had to divide spoken words into their 
constituent phonemes; in the SB-test the children were asked to blend separate 
phonemes into a complete word. Both the PS-and SB-tests measure phonemic 
awareness,27 which has been shown to predict the child's success in early 
reading and spelling.28 In the AD-test children were asked to judge whether 
pairs of monosyllabic spoken words were equivalent or not. This test docu-
ments speech perception acuity. In all three tests the proportion of correct re-
sponses was recorded. 
Educational achievement 
Educational achievement was assessed by means of reading and spelling 
tests. Reading ability was tested with a "Word Recognition" test (WR) and a 
"Sentence Verification" test (SV).29 The words of the WR-test appeared on a 
computer screen. The median response latency for repeating the words cor-
rectly was measured and the proportion of correct answers was recorded. The 
SV-test consisted of semantically correct and incorrect sentences appearing on 
a computer screen. The child's task was to indicate whether or not the sentence 
was correct by pushing the "yes" or "no" button. Again, the median response 
latency for the correct responses and the proportion of correct answers was cal-
culated. 
Spelling ability was tested by asking the children to repeat spoken words 
correctly and then to write them down. 
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Data analysis 
In the preschool trial1 rhree different groups of children were distinguished. 
(1) children who showed bilateral flat tympanograms on at least two successive screens 
and who were not treated by ventilation tubes at that age - the so-called "OME" 
group, 
(2) children who showed bilateral flat tympanograms on at least two successive screens 
and who were treated by ventilation tubes at that age - the so-called "OME-VT" 
group, 
(3) children who did not show a flat tympanogram at any occasion at preschool age -
the control group 
The language and educational measures at age 7-8 of these three groups 
were compared by means of univariate and multivariate analyses In the mul-
tiple linear regression analysis, test scores were either log transformed (natural 
logarithm) or squared in order to obtain a normal disttibution of the outcome 
variables Two-tailed probabilities are quoted throughout this paper. 
RESULTS 
Popubtion characteristics 
Of the 58 children included in the original trial, 47 (81%) participated in 
the follow-up study Eleven children were lost to follow-up as they moved out 
of the area or refused further participation Twenty-one children belonged to 
the "OME-VT" group, 19 children to the "OME" group and 7 were control 
children The children lost to follow-up were equally distributed over the 3 
study groups Some general charactetistics of the present study population are 
presented in Table 1 
Mean age and non-verbal intelligence were equal for all groups. There were 
some differences in sex-ratio and parental education level between the study 
groups. 
Table 2 shows some relevant otologic data regarding the age intervals 2-4, 
4-8 and at follow-up at 7-8 The ENT-history over the period 4-8 years 
(questionnaire data) was considered positive if at least one of the following 
events had taken place (1) episodes of otalgia or otorrhoea resulting in the 
medical diagnosis of acute otitis media, (2) hearing loss suspected by the par-
ents or at school, leading to an audiometrically confirmed hearing loss or an 
otoscopie diagnosis of OME ot (3) insertion of ventilation tubes The otomi-
croscopic status at follow-up was either classified as healthy, or as mild or 
moderate to severe abnormalities Mild abnormalities were defined as atrophy 
or tympanosclerosis of up to 1 quadrant of the tympanic membrane, atelectasis 
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Table 1. Population characteristics of three study groups 
OME OME VT control 
п=19 л=21 и=7 
sex male / female 13/6 14/7 4/3 
education level 
of mother low' 37% 48% 57% 
education level 
of father low1 32% 38% 7 1 % 
mean age in months (SD) 92 8 (2 3) 92 6 (2 0) 93 0 (2 3) 
mean scote on non verbal 
intelligence test (SD)2 25 6 (5 6) 23 8 (3 7) 24 9 (5 3) 
'up through secondary school 
2Coloured Progressive Matrices raw score 
of the pars tensa30 and attic retraction31 up to stage 1 Moderate to severe ab­
normalities consisted of the more advanced stages of tympanosclerosis, atro­
phy, atelectasis and attic retraction, perforations, ventilation tubes still present 
or signs of active middle-ear disease Hearing levels at follow-up were expressed 
as the average pure-tone hearing level (PTA) of the right ear at 0 5, 1 and 2 
kHz 
Table 2 shows that in both OME groups the frequency of middle-ear dis­
ease after the age of 4 years was much higher than in the control group None 
of the children in the control group experienced ear disease at 2-8 years of age 
Only one control child had a PTA hearing level of 8 dB at follow-up Children 
who had been treated with ventilation tubes in their preschool years (OME-
VT subjects) experienced more ENT problems in later years than the group of 
children who were not treated for persistent OME at preschool age (OME 
subjects) 
Language at preschool age 
In a previous publication1 it was demonstrated that at preschool age the 
children with persistent OME scored lower on verbal expression (RDLS-r) 
than the children in the control group whose score corresponded with the age 
norm The verbal comprehension level of the OME children did not differ 
significantly from the norm or from the level of the control group After 6 
months, improvement of language skills was slightly but not significantly bet-
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ter for children who were treated with ventilation tubes (the "OME-VT" 
group) than for their controls with persistent OME who were not treated. 
Language and educational achievement at follow-up 
Table 3 presents the mean outcome on the language, reading and spelling 
tests for the three study groups. Three children who either repeated a school 
grade or who attended special education for learning-impaired children (see 
Table 4) were excluded from this analysis because they had not yet been taught 
to spell or read and consequently, their test performance was considered not 
comparable to that of the other children. 
There were no statistically significant differences (Wilcoxon tests) in test 
scores between the three groups. 
Table 4 shows how many children were provided with educational inter­
vention, i.e., speech therapy, remedial teaching or special education. 
Table 2. E N T characteristics of the population 
OME 
n=19 
OME-VT 
я=21 
concrol 
я=7 
2-4 years 
number of screenings Ox 
with bilateral flat 2-4x 
tympanograms (max. 9) 5-9x 
53% 
47% 
81% 
19% 
100% 
4-8 years 
ENT-history' negative 
positive 
treated by ventilation tubes 
in this period 
follow-up at 7Ά-8 years 
otomicroscopic healthy 
status' mild abnormalities 
moderate abnormalities 
tympanometry bilateral flat 
pure-tone average >7 dB' 
47% 
53% 
37% 
16% 
26% 
58% 
5% 
53% 
15% 
85% 
57% 
5% 
95% 
10% 
62% 
100% 
100% 
14% 
'see text for definition 
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Tabic 3. Language and educational level related to O M E experience at preschool age Means and 
standard deviations of test scores for each study group 
Tests OME 
я=17' 
mean score (SD) 
OME VT 
л=20' 
mean score (SD) 
control 
л=7 
mean score (SD) 
Language measures 
Word Forms Production 
Concealed Meaning 
Phonemic Segmentation 
Sound Blending 
Auditory Discrimination 
26 65 
25 76 
0 74 
0 80 
0 89 
(3 57) 
(5 30) 
(0 21) 
(0 20) 
(0 10) 
26 85 
23 55 
0 76 
0 85 
0 86 
(4 22) 
(5 23) 
(0 11) 
(0 17) 
(0 11) 
25 43 
24 29 
0 85 
0 83 
0 84 
(5 56) 
(4 75) 
(0 15) 
(0 11) 
(0 11) 
Reading 
Word Recognition 
latency msec 
proportion correct 
1021 (586) 
0 92 (0 09) 
932 (508) 
0 94 (0 06) 
1130 (770) 
0 93 (0 08) 
Sentence Verification 
latency msec 
proportion correct 
4226 (1437) 
0 85 (0 15) 
3719 (1289) 
0 87 (0 09) 
4740 (1789) 
0 84 (0 11) 
Spelling 
Spelling Test 0 68 (0 21) 0 71 (0 16) 0 70 (0 11) 
'children having repeated a school grade or attending special education are excluded 
Table 4. Educational intervention in each of the study groups, absolute numbers 
school grade 3 
4 
5 
special education 
speech therapy 
remedial teaching 
OME 
л=19 
1 
15 
2 
1 
6 
4 
OME-VT 
n=21 
1 
18 
2 
6 
3 
control 
n=7 
6 
1 
-
1 
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Two children repeated a grade (third grade) and one child was given special 
education for learning-impaired children; all of these children experienced 
persistent bilateral OME at preschool age. Speech therapy and/or remedial 
teaching was received by 16 out of 47 children, one of which was a control 
child; all others were OME and OME-VT children (Fisher's exact test; df=2; 
/>=0.6). 
When the results of the language, reading and spelling tests of children who 
had received speech therapy and/or remedial teaching were compared with 
those who had not received these, a non-significant trend for the first group to 
score lower on all tests was evident, except in the "Phonemic Segmentation" 
test. 
Because the univariate analyses revealed no effect of early OME on the test 
scores, a multivariate analysis was done with sex and education level of the 
mother as possible confounders (see Table 1). Because language is believed to 
be more sensitive to the effects of OME than educational tasks, this analysis 
was done for the language tests only. After correction for both variables in a 
multiple linear regression analysis, differences in test scores between the study 
groups were comparable in size and direction to those of the univariate analy-
ses. Thus, it may be assumed that confounding is not an important issue in 
this study. 
Table 5 shows the correlation co-efficients relating time spent with OME at 
preschool age, as expressed by the proportion of screens with bilateral flat tym-
panograms, and test scores at school age. 
Tabic 5. Correlation (Spearman r) between language test scores at school age and proportion of 
time spent with OMF at preschool age' 
Tests r (P-value) 
Word Forms Production 
Concealed Meaning 
Phonemic Segmentation 
Sound Blending 
Auditory Discrimination 
0.08 
0 14 
-0.03 
-0 09 
0.20 
(0.61) 
(0 36) 
(0 86) 
(0 54) 
(0 19) 
'defined as the proportion of bilateral flat rympanograms out of all available bilateral tympanometric 
measurements at preschool age 
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mean «core OME-Ivo minus ОМЕЧ е group· 
awl low a.l. mother 
E23 1st born ohlldr.n 
language tests 
ΪΖΔ low a.l. lather 
S S low icore CPU 
Е2Э boy· 
mean acore OME-lve mlnua OME*lve groupa 
No evidence was 
found for a dose-re­
sponse effect of 
auditory deprivation 
and language devel­
opment, as time 
spent with OME in 
early life was not 
associated with any of 
the later language test 
scores. 
Finally, to test 
whether the effects of 
OME on language 
and educational at­
tainment are depend­
ent on other factors, 
the following high-
risk groups were de­
fined: (1) children 
with a low parental 
education level, (2) 
first-born children, 
(3) boys and (4) chil­
dren with low scores 
on the non-verbal 
intelligence test. For 
each high-risk group 
taken separately the 
differences in mean 
test scores between 
the combined OME 
groups and the con­
trol group are presented in Figure 1. 
There was no significant effect of early OME on language performance in 
any of the high-risk groups. Only for the "Phonemic Segmentation" test were 
the results for each high-risk group in accordance with the hypothesis that the 
control children should perform better than the OME-positive children. In a 
multiple linear regression analysis all these risk factors, as well as their interac­
tion with the OME and control groups, were taken into account simultane­
ously. Again, no effect of persistent OME at preschool age on language ability 
at school age was found in any of these sub-groups. 
•Ш low 0.1. mother 
ES3 tat born children 
SB 
language tests 
7ΖΆ low a.l. father 
Й И low aoore C P M 
Sffl boya 
Figure 1. Effect of early OME on language performance in several 
high-risk groups. Mean test scores for control group (n=7) minus 
mean test scores for combined OME groups (л=37) 
Tests: WFP = Word Forms Production; CM = Concealed Meaning; 
PS = Phonemic Segmentation; SB = Sound Blending; AD = Auditory 
Discrimination. 
Wilcoxon test on zero difference: for all tests and all high-risk groups, 
Λ.0.07 
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Согге^іоп between language measures at preschool and at school age 
Correlation co-efficients were calculated for verbal expression and compre­
hension (RDLS-r) scores found at preschool age and general language test 
scores at school age ("Word Forms Production" and "Concealed Meaning" 
test). These correlations were as follows: 0.52 (Z^O.OOl) for verbal expression 
and WFP; 0.42 (P<0.05) for verbal expression and CM; 0.34 (/M).05) for 
verbal comprehension and WFP; 0.36 (/3<0.05) for verbal comprehension and 
CM. These figures indicate that on a group level children with high language 
scores at preschool age perform better at school age than children with low 
scores at preschool age (and the other way round). There are, however, indi­
vidual exceptions. 
DISCUSSION 
In this population, the relationship found between OME and language de­
velopment at preschool age was no longer evident at school age. These findings 
support the results of several other prospective studies of long-term effects of 
O M E . 1 7 · 1 8 - 2 0 In none of these studies could a relationship between early 
OME and standardized language measures at school age be established. 
Roberts20 and Lous1 8 discussed possible alternative explanations for these 
negative findings such as general group characteristics, power, type and timing 
of the language tests and otitis media documentation (otoscopy and tym­
panometry instead of hearing loss). In the present population clues of interac­
tion between OME and personal characteristics were sought, but could not be 
found (Figure 1). The power of this study is limited; a difference in mean test 
scores of about one standard deviation between the OME-positive groups 
(«=37) and the controls (я=7) would have been detected with a power of 
about 80% at a significance level of 5%. A larger study population is required 
to detect smaller differences. Regarding timing of the language tests, we as­
sessed language levels both at preschool and at school age in the same popula­
tion. In accordance with other studies of preschool children1'·13.32
 w e
 ¿\¿ f,nj 
an adverse effect of persistent OME on language at that age,1 but this differ-
ence was no longer detectable at school age. The Dunedin study,3 the only 
other study that has measured language serially in an unselected population, 
did find a negative effect of OME on language and educational attainment at 5 
to 11 years, but the effects were modest and decreased with age. 
Of particular interest is the finding that in the present population speech 
therapy and/or remedial teaching were provided to more than one-third of the 
children who suffered from persistent OME at preschool age. This included 
both children who received early treatment with ventilation tubes as well as 
children who received no or late surgical treatment. The difference between 
this proportion and that of the control children (1/7) was not statistically sig-
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nificant because their number was too small To increase the power of this 
comparison, and to establish whether this high proportion of children having 
received some form of educational intervention resulted from participation in 
the language study rather than from impaired language skills, the correspond­
ing percentages were calculated for 946 children who had participated in both 
the preschool tympanometnc screens and the follow-up examination at school 
age Questionnaire data regarding some developmental characteristics were 
available for all these children, but only the 47 children included in the present 
study had had language assessments both at preschool and at school age Of 
these 946 children, 403 fulfilled the criteria for either of the 3 groups studied 
in this paper (see paragraph on data-analysis) The percentages of children 
from this larger sample who received speech therapy and/or remedial teaching 
were 23, 39 and 21 for the "OME," "OME-VT" and control group respec­
tively (χ2=6 82, df=2, P=0 03) This shows that in children whose language 
performance had not been tested for research purposes, the percentage having 
received educational intervention was similarly high, and that the children who 
had received early surgical treatment for persistent OME had also received 
educational intervention most frequently Whether this was the result of more 
impaired language and educational skills or of easier access to these support 
services in children already under surgical care can only be speculated upon In 
either case, early treatment with ventilation tubes was not accompanied by a 
reduction in the amount of educational intervention provided to OME chil­
dren 
The children in this sample who received speech therapy or remedial 
teaching scored lower, on all but one of the tests, than those who did not re­
ceive these interventions It might be that, had no supplementary education 
been given, test scores would have been even lower Therefore, a real difference 
in language and educational development between the three study groups may 
have been obscured by these educational supplements Brandes and Ehinger10 
and Hubbard et al '6 made a similar suggestion in their studies of children 
with OME 
This study also shows that the children in the treatment group and given 
ventilation tubes at preschool age experienced middle-ear disease more fre­
quently at the age of 4 to 8 years than did the children in the non-treatment 
group Abnormalities of the tympanic membrane and poor tympanometnc 
and audiometrie results at follow-up were also found most frequently in the 
"OME-VT" group This is a noteworthy finding because during the preschool 
trial the OME-positive children were allocated to the treatment and non-
treatment group by a randomized balanced procedure It could be argued that 
treatment with ventilation tubes itself plays a role in the persistence of middle-
ear problems after preschool age The control children who were free from 
OME at preschool age remained free from middle-ear disease during the years 
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that followed. Finally, it is remarkable that the children of the OME-positive 
groups who experienced language delay at the preschool level could catch up 
with their OME-free peers later in life despite ongoing middle-ear disease. 
CONCLUSION 
In this study, which makes use of a broad range of language and educa-
tional measures, no association was found between early persistent OME and 
language and educational skills at school age. We wish to emphasize, however, 
that although the developmental sequelae of OME are not apparent in a group 
comparison, they may be present on an individual level. This is indicated by 
the large proportion of children (one-third) with persistent OME having re-
ceived speech therapy and/or remedial teaching, whether they had been treated 
surgically at an early age or not. Therefore, children with hearing loss due to 
OME still require the attention of those who are concerned with their otologic 
and developmental status. 
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GENERAL DISCUSSION 
This study of a population of nearly 1000 unselected school-aged children 
screened for otitis media with effusion (OME) at preschool age adds to the evi-
dence that OME experienced early in life affects children's health later in life. 
Together with the Dunedin study,1 it is the first longitudinal study to cover all 
aspects of sequelae of early OME. 
Abnormalities of the tympanic membrane related to early OME, i.e., atro-
phy, tympanosclerosis, atelectasis and attic retraction, were present in a large 
proportion of children {chapters 2 and 3). Treatment with ventilation tubes did 
not effectively prevent the development of these structural abnormalities; in 
fact, they occurred most frequently in the ears that had been treated surgically. 
It should be noted that in the present observational study design the effects of 
treatment cannot be distinguished completely from those of the disease itself. 
The results of this study, however, do correspond with those of randomized 
controlled trials of the effects of ventilation tubes in OME,2-4 which also dem-
onstrate that insertion of ventilation tubes can lead to tympanosclerosis and at-
rophy and cannot prevent atelectasis and attic retraction from developing. 
Regarding hearing, this thesis shows that persistent OME at preschool age is 
associated with some hearing loss at school age {chapter 4); treatment with 
ventilation tubes did not protect children from acquiring such hearing loss. The 
hearing level at school age was determined mainly by the concurrent middle-ear 
function, but also by the presence or absence of abnormalities of the tympanic 
membrane such as described above. The degree of hearing impairment resulting 
from tympanic membrane abnormalities related to early OME and treatment 
with ventilation tubes was, although statistically significant, of limited clinical 
importance. It contributed to a conductive loss of less than 5 dB, similar to 
findings in previous studies.3>4 
The present study is the first to report systematically on high-frequency sen-
sorineural loss after OME in surgically treated and untreated ears. Sensorineural 
hearing loss was found most frequently in ears treated with ventilation tubes; 
this should be studied further. 
The prevalence of OME at the age of 7'/2-8 years was remarkably high, with 
some 6% of the ears still showing a flat tympanogram {chapter 2). This also 
merits follow-up study. As it appears from chapter 4 that most of these ears had 
been affected by persistent OME at the ages of 2 to 4, tympanometry at pre-
school age proved to be predictive of middle-ear function at school age. The 
finding that about 20% of the ears treated by ventilation tubes still showed a 
flat tympanogram at school age supports results from previous randomized 
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studies2·3·5·6 which indicate that this method of treatment is not effective in al­
tering the long-term course of OME. 
With respect to auditory perception, language and educational skills at age 
7'/2-8, no substantial effects from early, persistent OME were found in the pre­
sent population except for a small effect of OME on speech-in-noise perform­
ance (chapters 5 and 6). These findings are not unique: two recent prospective 
studies?·8 also failed to uncover a relationship between early OME and later 
language and educational skills on a population level. Several explanations have 
been put forward by these authors to explain this non-association, which will be 
discussed in the context of the present study. 
The first explanation involves power of the study. For many reasons9 the 
number of children included in the language trial at preschool age was small. At 
follow-up this number was further reduced to 47 children (chapter 6). How­
ever, in addition to follow-up of the original trial population, language and 
educational skills were tested in a sample of about 300 children from the origi­
nal birth cohort with clearly defined and contrasting OME histories.10,11 The 
results of their language, reading and spelling tests, which will be presented 
thoroughly in a separate thesis, are comparable to those presented in chapter 6. 
The second explanation involves generalpopuUtion characteristics relevant for 
the development of adverse effects of OME. In modern Dutch society, medical 
care, education and other elements of social welfare are of a high standard and 
readily accessible to all inhabitants. In such circumstances, children with mid­
dle-ear disease are likely to receive medical and/or educational intervention, 
which may have obscured some effects of OME which could well surface in 
less-privileged societies. 
The third issue relates to the discussion concerning the effects of OME or 
hearing loss on language development. The potential adverse effect of OME on 
auditory and cognitive-linguistic development is considered to be mediated by 
the conductive hearing loss associated with OME. This hearing loss may vary 
considerably. In the present study, a type В tympanogram was associated with a 
mean hearing loss of 20 dB; the range, though, extended from 5 to 45 dB. By 
using tympanometry as an indicator of hearing ability at preschool age, it is 
possible that an adverse effect on auditory and language ability in children with 
the most severe persistent hearing losses was missed. However, reliable hearing 
thresholds are difficult to determine in young children and as such are not fea­
sible in an epidemiological study. 
With respect to the fourth issue, timing of testing for OME and language 
development, the age period of 2 to 4 years is considered of great importance 
for auditory and language development.' It is also a period in which OME very 
frequently occurs.9 It could be argued that the failure to find a long-term rela­
tion between OME and language stems from missing information regarding 
episodes of OME before and after the age period in which screening took place. 
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Although no tympanomecric data were available for these episodes, the results 
of the Ewing distraction test at 9 months 1 2 and the OME histories at 4 to 8 
years (questionnaire data, chapters 3 and 4) were found to be associated with the 
tympanometric profile at 2 to 4 years of age, indicating that children affected by 
OME at preschool age were generally affected by this condition at other ages as 
well. Regarding timing of the language tests, language levels were assessed both 
at preschool and at school age in the same population. The present findings in­
dicate that the adverse effect of persistent OME on language at preschool age9 
was temporary in most cases. Apparently, many children are able to overcome 
their disadvantage when OME resolves in later years. The Dunedin study,1 the 
only other study to measure language serially in an unselected population, did 
find a negative effect of OME on language and educational attainment at 5 to 
11 years, but the effects were modest and decreased with age. 
Finally, as did Lous7 and Roberts et a№ we questioned the sensitivity of the 
tests used to study the relationship between early OME and later auditory, lan­
guage and educational skills. This issue will be discussed in detail in the separate 
thesis by Grievink and Peters. We will limit ourselves to commenting that the 
fact that several tests were not standardized on large groups of children of the 
present age range may not be relevant considering the present study design, 
which compares test-performances of OME-positive children to those of OME-
negative children. For the tests that were standardized for Dutch children, the 
scores of the larger sample of 300 children that had language tests at follow-up 
corresponded with the age norm. 1 0 
This discussion indicates that none of these alternatives would likely provide 
a full explanation for the absence of a relationship between early OME and later 
language and educational skills. Consequently, a non-permanent effect of OME 
on child development is at least as likely. The only auditory test that did show 
some effect of early persistent OME was the speech recognition-in-noise test, 
which has most consistently been found to be affected by OME by other 
researchers {chapter 5). This suggests that early persistent OME has no perma­
nent effect on basic phonological, morphological, semantical and educational 
skills, but other aspects of language, such as attention to speech, may be more 
permanently affected.13 
This longitudinal study of the otologic, auditory and developmental out­
comes in a large population of unselected school-aged children screened for 
OME at preschool age provides information to be used by clinicians as a basis 
for rational management strategies. The discussion on the management of 
OME is dominated by three main issues: (1) is treatment withheld from too 
many children? (2) are too many children treated unnecessarily? and (3) do 
children really benefit from treatment? 
With increasing interest in OME in the 1960s and 1970s, research focused 
on the first issue. The prevalence of OME appeared to be higher than previ-
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ously assumed1^ and there was growing concern about the implications of 
OME for children's health, both otologically and developmentally. Some 
authors therefore advocated mass screening for OME, which became practically 
feasible through the introduction of tympanometry.'5 A dramatic rise in the 
number of surgical interventions for OME followed.lí¡ 
Over time, doubts arose concerning the necessity for such high numbers of 
surgical interventions,1'''18 and research shifted to the second issue. The results 
of several large-scale longitudinal studies of the natural history of OME,19"21 
including the Nijmegen Otitis Media Study,22 indicated that perhaps nature 
was the best doctor to treat OME, as most middle-ear effusions proved to re-
solve spontaneously. Moreover, evidence of a causal link between OME and 
language disability was inconclusive,8·2^ leaving debatable the main justification 
for surgical treatment. 
The third question was addressed by randomized controlled studies of the 
efficacy of various modes of surgery for OME conducted in the mid-1980s. 
They showed that although surgery was effective in restoring the level of hear-
ing, it could not cure OME A 2 4 Furthermore, it was demonstated that ventila-
tion tubes, the most widely practiced surgical treatment for OME, had side-ef-
fects such as otorrhoea and scarring of the tympanic membrane.2·3-5 
Despite this criticism, demand for surgery has thus far not subsided and 
otolaryngologists are currently still left with unanswered questions concerning 
effective management of OME. The results presented in this thesis provide 
further evidence in favour of a conservative approach to surgical treatment of 
OME. By no means should this lead to the complete abandonment of treat-
ment with ventilation tubes, as individual children with OME could benefit 
therefrom. After all, this thesis presents the long-term effects of OME on a 
population level, i.e., in children with a wide variety of otologic pathology and 
hearing loss due to OME. The currently limited knowledge about factors con-
tributing to the course of OME and to the development of adverse effects ren-
ders it difficult to extrapolate results from population studies to individuals.2^ 
Those involved in child care have no doubt that some children with a moderate 
hearing loss due to OME experience a dramatic improvement in hearing and 
subsequent behaviour after ventilation tube placement. 
The results of this study will not help to identify individuals that might 
benefit from treatment. As discussed in chapter 1, we found it impossible to rec-
ognize the children in whom OME was most likely to persist, and therefore 
likely to show the most adverse effects. Neither could personal characteristics be 
identified which interacted with OME and test results (chapter 6). Further re-
search should focus particularly on individual characteristics and circumstances 
that contribute to developing adverse effects of OME. 
In conclusion, the results presented in this thesis do not call for active 
screening for asymptomatic cases and routine treatment of OME. Present 
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Dutch policy, by which children with suspected persistent hearing loss due to 
O M E are referred to an otolaryngologist by their general practitioner, conforms 
better to the current knowledge If a diagnosis of O M E is confirmed by otomi-
croscopy and/or tympanometry, continued observation and audiometrie testing 
will show that in most cases the effusion will resolve spontaneously T h e indi­
vidual course of O M E and circumstantial factors determine if and when surgi­
cal treatment is justified Such a period of watchful waiting
 W | H help to reduce 
the number of operations for O M E and select those children who could benefit 
most from surgery 
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SUMMARY 
Otitis media with effusion (OME) is one of the most common diseases 
which afflicts young children. The presence of fluid in the middle-ear cavity 
usually results in a mild to moderate hearing loss. The Nijmegen Otitis Media 
Study (1984-1987), in which 1328 children were screened for OME serially at 
the ages of 2 to 4, showed that 80% of the children experienced at least one epi­
sode of OME before the age of 4. Its natural course was usually mild and tran­
sient; 50% of the cases recovered spontaneously in 3 months. Recurrences, 
however, occurred in about 50% of the children. Persistent episodes of OME 
(at least 3 months) were observed in 20% of the preschoolers. 
Literature shows that the otologic sequelae of early persistent OME vary 
between minor abnormalities of the tympanic membrane to more serious con­
ditions such as adhesive otitis or cholesteatoma. These structural sequelae are 
associated with various degrees of hearing loss. The conductive hearing loss as­
sociated with concurrent OME is considered to be responsible for adverse ef­
fects on language development as shown in the Nijmegen Otitis Media study. It 
is not known whether OME has a permanent effect on language ability. 
Treatment with ventilation tubes has become the surgical intervention most 
practiced for OME and, in fact, one of the most frequently performed opera­
tions upon children in Europe and the USA. The traditional aims of treatment 
by ventilation tubes are: (1) to restore the hearing level, (2) to modify the 
course of OME towards early resolution and (3) to prevent long-term structural 
and functional sequelae of OME. Although tubes are very effective in improv­
ing hearing, there is no evidence as yet to support the attainment of the second 
aim and the extent to which the third aim can be achieved by surgical treatment 
is still unknown. Therefore, the current high rate of surgery for OME is being 
questioned. 
The present study aims to provide a complete picture of the long-term ef­
fects of both untreated as well as treated OME in a Dutch population of unse-
lected, otherwise healthy children, and thereby to lay a foundation for a more 
rational approach towards the treatment of this common condition. 
A complete birth cohort of 1439 children born in Nijmegen between 1 
September 1982 and 31 August 1983 formed the basis of this study. Of these 
children, 1328 participated and were screened for OME by tympanometry at 3-
month intervals from the age of 2 to 4 years. At each screen, a structured ques­
tionnaire about ENT diseases and risk-factors related to OME was filled out. 
In the autumn of 1990, the children who still lived in the Nijmegen area, 
and who were by then 7'/г-8 years of age, were invited to participate in a follow-
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up study. Of the 1160 children invited, 946 children attended the follow-up 
examinations that took place between September 1990 and February 1991 at 
the Department of Otorhinolaryngology of the Nijmegen University Hospital. 
These examinations included: an ENT and developmental history regarding the 
period 4 to 8 years of age, otomicroscopy, tympanometry and pure-tone audi-
ometry at 0.25-8 kHz. For the children who had visited their physician or oto-
laryngologist for disease of the upper airway or ear, a structured questionnaire 
was sent to the doctor concerned. Information about surgical treatment for 
ENT disease was collected from the medical records of the hospitals in the area. 
In addition, a test-battery of five central auditory tests was administered to 89 
children with contrasting OME histories. Finally, in 47 children, selected on 
the basis of their participation in a preschool trial on the efficacy of treatment 
with ventilation tubes for OME, the developmental status was assessed by 
means of several language, reading and spelling tests. 
In chapter 1 the association between middle-ear disease and upper respira-
tory tract infections is studied on the basis of the data collected at preschool age. 
A principal component analysis was used to identify the children suffering most 
persistently from these conditions at preschool age and who, therefore, would 
be expected to show the highest frequency of adverse effects in the long term. 
The results show that the correlation between middle-ear and upper airway 
disease was lower than would be expected from the literature. The course of 
these conditions showed a gradual scale from "healthy" to "ill" and most of the 
children suffered from them with an average frequency. This suggests that the 
majority of children experience these conditions as a normal part of their child-
hood. 
In chapter 2 the otomicroscopic and auditory findings at school age are pre-
sented without reference to the preschool status. It was found that 29% of the 
children had been treated surgically for various ENT diseases, including 11% 
with ventilation tubes. Only 55% of the children had normal tympanic mem-
branes, whereas 19% showed mild abnormalities, and 26% moderate to severe 
abnormalities. The prevalence of bilateral OME as evidenced by a flat tympan-
ogram was 2.5%, while that of unilateral OME was 7%. A pure-tone average 
hearing level of >15 dB in the better-hearing ear was found in 4% of the chil-
dren. The presence of OME was associated with a mean hearing loss of 20 dB. 
These results indicate that structural and functional middle-ear abnormalities 
are highly prevalent in Dutch school children. 
Chapter 3 discusses the otologic sequelae of early OME. At school age, signs 
of active middle-ear disease were present in 12.7% of the untreated ears that 
had suffered from persistent OME at preschool age and in 17.8% of the ears 
that had been treated by a ventilation tube, as opposed to 2.2% of the ears that 
had been free from OME at preschool age. Otopathologic sequelae, i.e., atro-
phy, tympanosclerosis, atelectasis and attic retraction, were present in 39.8%, 
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87.3%, and 13.7% of these ears respectively. A dose-response relation was 
found between preschool OME and these sequelae at school age. 
In a similar way, chapter 4 discusses the auditory sequelae of early OME. At 
school age, the average air-conduction threshold at 0.5-4 kHz for the ears that 
had been free from OME at preschool age was 5.0 dB, as opposed to 7.8 dB for 
the ears that had been affected by OME persistently and 12.6 dB for the ears 
that had been treated by a ventilation tube. Hearing levels at school age re-
flected the concurrent middle-ear function and the presence of structural ab-
normalities of the tympanic membrane related to early OME and treatment by 
ventilation tubes. Persistent OME at preschool age was also associated with de-
teriorated bone-conduction thresholds at 8 kHz at school age. 
In chapter 5 the relationship between OME at preschool age and perform-
ance on five tests of auditory perception is studied in a subgroup of 89 school-
age children with contrasting OME histories. The tests used at 7'/2-8 years of 
age were: speech-in-noise; filtered speech; binaural fusion; dichotic speech; and 
auditory memory. A small but significant effect of preschool OME was found 
on the speech-in-noise test. No additional effects were demonstrated by this 
group of children. 
Chapter 6 presents the long-term effects of early OME on language and 
educational attainment in a subgroup of 47 children who had participated in an 
earlier randomized trial on surgical treatment for OME and subsequent lan-
guage development. At preschool age, language was assessed by a standard 
Reynell test. At school age, the developmental status was determined by several 
language, reading and spelling tests. The association between early OME and 
language development found at preschool age was no longer present at school 
age. 
These observations add to the evidence that OME experienced early in life is 
likely to affect a child's health later in life. Abnormalities of the tympanic mem-
brane related to early OME were present in a large proportion of children and 
were most pronounced in children who had previously been treated with venti-
lation tubes. The degree of hearing loss associated with early OME was usually 
limited. Regarding auditory peception, language and educational skills at the 
age of 7'/2-8, no substantial effect of early, persistent OME was found in this 
population. These results indicate that a conservative approach to surgical 
treatment of OME should be advocated. In general, a period of watchful wait-
ing prior to surgical intervention is therefore recommended. 

SAMENVATTING 
Otitis media met effusie (OME; vochtophoping in het middenoor) is één 
van de meest frequent voorkomende aandoeningen op kinderleeftijd en gaat 
gewoonlijk gepaard met een gering tot matig gehoorverlies. Het Nijmeegse 
KNOOP-onderzoek (1984-1987), waarin 1328 kinderen op de leeftijd van 2 
tot 4 jaar elke 3 maanden onderzocht werden op OME, heeft aangetoond dat 
80% van de kinderen tenminste eenmaal een periode van OME doormaakt 
vóór de leeftijd van 4 jaar. Vaak is het beloop van OME op peuterleeftijd mild 
en voorbijgaand; 50% van de oren geneest binnen een periode van 3 maanden. 
De aandoening recidiveert echter tenminste eenmaal bij de helft van de kinde-
ren. Persisterende OME (gedurende minimaal 3 maanden) komt bij ongeveer 
20% van de peuters voor. 
De otologische gevolgen van OME doorgemaakt op jonge leeftijd variëren 
van geringe trommelvliesafwijkingen tot ernstiger afwijkingen zoals adhesieve 
otitis media en cholesteatoom. Deze structurele afwijkingen zijn geassocieerd 
met een verschillende mate van gehoorverlies. Het conductief gehoorverlies dat 
gepaard gaat met de aanwezigheid van OME, wordt verantwoordelijk geacht 
voor nadelige gevolgen van OME op de taalontwikkeling, zoals ook is aange-
toond in het KNOOP-onderzoek. Het is niet bekend of OME een blijvend ef-
fect heeft op de taalvaardigheid. 
Het plaatsen van trommelvliesbuisjes is de meest toegepaste behandeling van 
OME en tevens één van de meest frequent uitgevoerde chirurgische ingrepen bij 
kinderen. Het doel van behandeling met trommelvliesbuisjes is: (1) herstel van 
het gehoor, (2) verbeteren van de middenoorfunctie en (3) voorkomen van 
structurele en functionele gevolgen van OME op de lange termijn. Alhoewel 
door plaatsing van trommelvliesbuisjes het gehoor zeer effectief wordt verbe-
terd, heeft men nog niet kunnen aantonen dat ook het tweede doel bereikt 
wordt. Evenmin is bekend in welke mate buisjes nadelige gevolgen van OME 
kunnen voorkomen. Om deze redenen wordt de populariteit van deze behan-
deling van OME (in Nederland worden per jaar bij meer dan 50.000 patiënten 
buisjes geplaatst) ter discussie gesteld. 
Het in dit proefschrift beschreven onderzoek beoogt een beeld te geven van 
de lange termijn effecten van zowel behandelde als onbehandelde OME in een 
ongeselecteerde populatie van in andere opzichten gezonde, Nederlandse kin-
deren. De resultaten hiervan zouden samen met die van soortgelijke, elders in 
de wereld uitgevoerde studies, als een basis kunnen dienen voor een meer 
rationele benadering betreffende de behandeling van deze vaak voorkomende 
aandoening bij kinderen. 
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Het oorspronkelijke KNOOP-onderzoek omvatte een compleet geboorteco-
hort van 1439 kinderen, geboren in Nijmegen tussen 1 september 1982 en 31 
augustus 1983. Van hen werden 1328 kinderen van 2- tot 4-jarige leertijd 3-
maandelijks onderzocht op OME door middel van tympanometrie. Bij elke 
screening werd een standaard vragenlijst betreffende KNO-aandoeningen en 
risicofactoren voor OME ingevuld. 
Voor de huidige vervolgstudie werden in het najaar van 1990 de kinderen 
die nog in de regio Nijmegen woonden en inmiddels 7'/i-8 jaar oud waren uit-
genodigd. Van de 1160 uitgenodigde kinderen namen er 946 deel. De onder-
zoeken vonden plaats op de afdeling KNO-heelkunde van het Academisch 
Ziekenhuis Nijmegen Sint Radboud in de periode september 1990 - februari 
1991. Zij omvatten de volgende onderdelen: een vragenlijst betreffende de al-
gemene ontwikkeling en KNO-aandoeningen en behandelingen over de periode 
van 4 tot 8 jaar; otomicroscopie; tympanometrie en toonaudiometrie bij 0.25-
8 kHz. Aan de hand van vragenlijsten werd aanvullende informatie over lucht-
weg- en ooraandoeningen opgevraagd bij huisartsen en KNO-artsen van de 
deelnemers. Gegevens over chirurgische behandeling van KNO-aandoeningen 
werden geverifieerd door middel van status onderzoek in de Nijmeegse zie-
kenhuizen. Bij een groep van 89 kinderen met een verschillende OME 
voorgeschiedenis werd bovendien een test-serie van 5 centraal auditieve testen 
afgenomen. Tenslotte werd bij een groep van 47 kinderen, geselecteerd op basis 
van deelname aan een eerder uitgevoerde deelstudie naar de effectiviteit van 
rrommelvliesbuisjes bij OME, de algemene ontwikkeling getest door middel 
van taal-, lees- en speltesten. 
In hoofdstuk 1 wordt de associatie tussen otitis media en bovenste luchtweg-
infecties beschreven op basis van de gegevens verzameld op 2- tot 4-jarige 
leeftijd. Een principale componenten analyse werd toegepast om de kinderen te 
identificeren die op peuterleeftijd deze aandoeningen het meest frequent hebben 
doorgemaakt en die daarom op lange termijn de meeste nadelige effecten 
zouden kunnen vertonen. De analyse toont aan dat de correlatie tussen 
middenoor- en bovenste luchtwegaandoeningen lager was dan op grond van de 
literatuur verwacht mocht worden. Er was sprake van een geleidelijk oplopende 
schaal van "gezond," dat wil zeggen geen van deze aandoeningen op peuter-
leeftijd, naar "ziek" waarbij ofwel OME, ofwel otitis media acuta, ofwel tonsil-
litis op de voorgrond stond. De meeste kinderen vertoonden een middelmatige 
belasting van deze aandoeningen. Blijkbaar behoren zij voor de meerderheid 
van de kinderen tot het "normale" ziektepatroon tijdens de peuterjaren. 
In hoofdstuk 2 worden de otomicroscopische en audiologische bevindingen 
op schoolleeftijd gepresenteerd zonder referentie naar de middenoor status op 
peuterleeftijd. Tot op 7'/2-8-jarige leertijd had 29% van de kinderen tenminste 
één KNO-heelkundige operatie ondergaan, waaronder 11% die met trom-
melvliesbuisjes behandeld was. Slechts 55% van de kinderen had een volledig 
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normaal trommelvlies, 19% van hen vertoonde geringe afwijkingen en 26% 
ernstiger afwijkingen. De prevalentie van bilaterale OME, gedefinieerd als een 
vlak tympanogram aan beide oren, was 2.5% terwijl dat van unilaterale OME 
7% was. Een conductief gehoorverlies met een Fletcher index van >15 dB in het 
best horende oor werd gevonden bij 4% van de kinderen. OME ging gepaard 
met een gemiddeld gehoorverlies van 20 dB. Deze resultaten tonen aan dat de 
prevalentie van trommelvliesafwijkingen bij 7'/2-8-jarige Nederlandse kinderen 
zeer hoog is en dat op deze leeftijd OME nog frequent voorkomt. 
Hoofdstuk 3 beschrijft de otologische gevolgen van OME doorgemaakt op 
jonge leeftijd. Op 7'/2-8-jarige leeftijd werden tekenen van actieve middenoor-
pathologie gezien in 12.7% van de onbehandelde oren die op peuterleeftijd 
langdurig OME doormaakten en in 17.8% van de oren die met trommelvlies-
buisjes behandeld waren, in tegenstelling tot slechts in 2.2% van de oren die op 
peuterleeftijd vrij van OME waren. Structurele afwijkingen van het trom-
melvlies, zoals tympanosclerose, atrofìe, atelectase en epitympanale 
intrekkingen, werden op schoolleeftijd in respectievelijk 39.8%, 87.3% en 
13.7% van deze oren waargenomen. Een dosis-respons relatie werd gevonden 
tussen OME op peuterleeftijd en deze gevolgen op schoolleeftijd. 
Op een zelfde wijze worden in hoofdstuk 4 de audiologische gevolgen van 
OME op jonge leeftijd beschreven. De gemiddelde luchtgeleidingsdrempel bij 
0.5-4 kHz was op 7'/2-8-jarige leeftijd 5 dB voor de oren die op peuterleeftijd 
vrij van OME waren, in tegenstelling tot 7.8 dB voor de oren die langdurig 
OME doormaakten en 12.6 dB voor de oren die met trommelvliesbuisjes be-
handeld waren. Deze gehoordrempels op schoolleeftijd vormden een 
afspiegeling van de gelijktijdige middenoorfunctie én van afwijkingen van het 
trommelvlies die gerelateerd zijn aan vroege OME en behandeling met trom-
melvliesbuisjes. Tevens werd gevonden dat OME op peuterleeftijd geassocieerd 
was met een slechtere beengeleidingsdrempel bij 8 kHz op schoolleeftijd. 
In hoodfituk 5 wordt de relatie tussen OME op peuterleeftijd en de prestatie 
op vijf centraal auditieve testen bestudeerd in een subgroep van 89 
schoolkinderen met een verschillende OME voorgeschiedenis. De volgende 
testen werden op 7'/2-8-jarige leeftijd afgenomen: spraak-in-ruis; gefilterde 
spraak; binaurale fusie; dichotische spraak; en auditief geheugen. Op de spraak-
in-ruis test werd een gering, maar statistisch significant effect van OME 
doorgemaakt op peuterleeftijd gevonden. Op de overige centraal auditieve 
testen kon in deze subgroep geen effect van OME worden aangetoond. 
Hoofdstuk 6 presenteert de lange termijn efFecten van vroege OME op de 
taalontwikkeling en schoolvorderingen in een subgroep van 47 kinderen die 
hebben deelgenomen aan een eerdere gerandomiseerde studie naar de invloed 
van OME en chirurgische behandeling ervan op de taalontwikkeling. Op 2-4-
jarige leeftijd werd het taalniveau gemeten door middel van een standaard 
Reynell test. Op 7'/2-8-jarige leeftijd werd het ontwikkelingsniveau beoordeeld 
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aan de hand van verschillende taal-, lees- en speltesten. De relatie tussen vroege 
OME en taalontwikkeling die op peuterleeftijd aanwezig was, kon op school-
leeftijd niet meer worden aangetoond. 
Deze studie bevestigt dat OME doorgemaakt op jonge leeftijd sporen nalaat 
die op latere leeftijd nog aantoonbaar zijn. Afwijkingen van het trommelvlies 
gerelateerd aan vroege OME werden bij een groot deel van de kinderen 
gevonden en zij waren het meest opvallend in de kinderen die met trom-
melvliesbuisjes behandeld waren. De mate van gehoorverlies geassocieerd met 
vroege OME was echter beperkt. Wat betreft de auditieve verwerking, taal-
ontwikkeling en schoolvorderingen werden in deze populatie op 7'/2-8-jarige 
leeftijd geen substantiële effecten van vroege persisterende OME gevonden. 
Deze resultaten geven steun aan de stelling dat een conservatieve benadering 
betreffende de chirurgische behandeling van OME verantwoord is. Daarom 
wordt in het algemeen een periode van afwachten en blijven controleren aan-
bevolen na het stellen van de diagnose OME. 
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Het schaap met buisjes 
Bregje was een heel mooi schaap, 
Met mooie lange oren; 
Maar soms, als je haar zachtjes riep, 
Leek ze je niet te horen. 
Ook herhalen moest je vaak, 
Wanneer je sprak met Bregje; 
Оал keek ze je afwezig aan 
En zei steeds: hè? wat zeg je? 
Soms ook verstond ze je verkeerd; 
Je zei bijvoorbeeld: hobbelpaard; 
Dan liet ze haar speelgoed in de steek 
En riep: ja heerlijk, mokkataart. 
Haar vader zei: dit gaat niet meer; 
Mijn lammetje wordt geloof ik doof; 
We gaan er wat aan laten doen, 
Want doofheid schept zo'n kloof. 
De dokter van het KNO 
Keek lang in Bregjes oren 
En zei: ze moet geopereerd 
Zodat ze weer kan horen. 
Toen kreeg ze ziekenhuiskleren aan, 
Een wollen hemd met pluisjes; 
Toen ze weer bijkwam zei de arts: 
Ziezo nu heb je buisjes. 
Ze zei: het deed totaal geen pijn; 
Maar ik had een vreemde droom: 
Ik zonk weg in een zee van wol 
En deinde in de stroom. 
Nu gaat het weer heel goed met Bregje: 
Ze eet beschuit met muisjes; 
Ze zegt nu nooit meer: hè? wat zeg je? 
Zij is een schaap met buisjes. 
Rudy Kousbroek 
NRC Handelsblad, 19 juli 1991 

LONG-TERM EFFECTS OF 
OTITIS MEDIA WITH EFFUSION IN CHILDREN 
STELLINGEN 
1. Voor de meeste kinderen is otitis media met efFusie (OME) tijdens de eerste 
levensjaren een hinderlijk maar onvermijdbaar verschijnsel. 
2. Kinderen die langdurig of frequent recidiverend OME zullen doormaken 
zijn tot op heden niet in een vroeg stadium te identificeren. 
3. OME en behandeling met trommelvliesbuisjes hebben op de lange termijn 
meer schadelijke effecten op het trommelvlies dan op het gehoor. 
4. De meningen over mogelijk nadelige gevolgen van OME voor de taal-
ontwikkeling van kinderen blijven ondanks 25 jaar onderzoek verdeeld. 
5. De toename van de prevalentie van OME reflecteert meer de ontwikkeling 
in de gezondheidszorg dan de ontwikkeling van de volksgezondheid. 
6. Obstructie van de buis van Eustachius is in de discussie over het ontstaan 
van OME een achterhaald begrip. 
7. Het merendeel van de patiënten bereikt met een percutaan in het schedel-
been verankerd hoortoestel (BAHA) een beter spraakverstaan dan met een 
conventioneel beengeleidingshoortoestel. 
8. Patiënten met een obstructief slaap-apneu syndroom die veranderingen op 
meerdere niveau's van de pharynx vertonen bij de Müller manoeuvre, zijn 
meer gebaar bij een behandeling met CPAP (continuous positive airway 
pressure) dan bij een UPPP (uvulo-palato-pharyngoplastiek). 
9. Doctorandi in de Gezondheidswetenschappen vormen de ontbrekende 
schakel tussen clinici met oog voor het geval en statistici met oog voor het 
getal. 
10. Voor de huisarts is de spreekkamer meer een luisterkamer. 

